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AQGENCY: U.S. Environmental Protection
Agency (EPA). :

. ACTION: Final guidelines for carcinogen

risk assessment.

SUMMARY: The U.S. Environmental
Protection Agency is today lssuing five
guidelines for assessing the health risks
of environmental pollutants. These are:
Guidelines for Carcinogen Risk
Assessment
Guidelines for Estimating Exposures
Guidelines for Mutagenicity Risk '
Assessment

“Guidelines for the Health Assessment of

Suspect Developmental Toxicants
Guidelines for the Health Risk
Assessment of Chemical Mixtures

This notice contains the Guidelines for .
- Carcinogen Risk Assessment; the other

guidelines appear elsewhere in today 8
Federal Register

The Guidelines for Carcinogen Rlsk ‘
Assessment (hereafter “Guidelines”) are
intended to guide Agency evaluation of
suspect carcinogens in line with the
policies and procedures established in -
the statutes administered by the EPA.
These Guidelines were developed as
part of an interoffice guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA) in
the Agency's Office of Research and -
Development. They reflect Agency
consideration of public and Science
Advisory Board (SAB) comments on the
Proposed Guidelines for Carcinogen
Risk Assessment published November
23, 1964 (48 FR 46294).

This publication completes the first
round of risk assessment guidelines
development. These Guidelines will be
revised, and new guidelines will be
developed, as appropriate.

EFFECTIVE DATE: The Guidelines will be
effective September 24, 1988,

FOR FURTHER INFORMATION CONTACT:
Dr. Robert E. McGaughy, Carcinogen
Assessment Group, Office of Health and
Environmental Assessment (RD-689),
U.S. Environmental Protection Agency,
401 M Street SW.,, Washington, DC
20460, 202-382-5898,

SUPPLEMENTARY INFORMATION: In 1883,
the National Academy of Sciences

" (NAS) published its book entitled Risk

Assessment in the Federal Government:
Managing the Process. In that book, the

- NAS recommended that Federal

regulatory agencies establish “inference

$-074999  0002(00X22-SEP-86~17:02:22)

recommendation and requested that
Agency scientists begin to develop such
guidelines. - _

General

The guidelines published today are
products of a two-year Agencywide -
effort, which has included many
scientists from the larger scientific
community. These guidelines set forth
principles and procedures to guide EPA

‘scientists in the conduct of Agency risk

assessments, and to inform Agency -
decision makers and the public about
these procedures. In particular, the
guidelines emphasize that risk -
assessments will be conducted on a
case-by-case basis, giving full
consideration to all relevant scientific
information. This case-by-case approach
means that Agency experts review the
scientific information on each agent and

-use the most scientifically appropriate

interpretation to assess risk. The
guidelines also stress that this
information will be fully presented in
Agency risk assessment documents, and
that Agency scientists will identify the

" strengths and weaknesses of each
_assessment by describing uncertainties,

assumptions, and limitations, as well as
the scientific basis and rationale for
each assessment.

" Finally, the guidelines are formulated
. in part to bridge gaps in risk assessment

methodology and data. By identifying -
these gaps and the importance of the
missing information to the risk
assessment prucess, EPA wishes to
encourage research and analysis that
will lead to new risk assessment
methods and data.

Guidelines for Carcinogen Risk -
Assossment

Work on the Guidelines for
Carcinogen Risk Assessment began ln
January 1984. Draft guidelines were
developed by Agency work groups
composed of expert scientists from
throughout the Agency. The drafts were
peer-reviewed by expert scientists in the
field of carcinogenesis from universities,
environmental groups, industry, labor,
and other governmental agencies. They
were then proposed for public comment
in the Federal Register (49 FR 46204). On
November 9, 1884, the Administrator
directed that Agency offices use the

-proposed guidelines in performing risk

assessments untii final guidelines
become available.

P4701.PMT...{16,30}...4-15-88
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ENWRONMENTAL PROTECTION guidelines” to enaure consistency and - After the close of the public comment
AGENCY technical quality in risk assessments - period, Agency staff prepared
(FRL-2084-1] and to ensure that the risk assessment ‘summaries of the comments and
~ _ p&oceas was maintained as a scientific analyses of the major issues presented
Carcinogen effort separate from risk management. A by the commentors, and proposed
m‘a Risk task force within EPA accepted that changes in the language of the

guidelines to deal with the issues raised.
These analyses were presented to
review panels of the SAB on March 4. -

‘and April 22-23, 1985, and to the

Executive Committee of the SAB on

" April 25-26, 1985. The SAB meetings

were announced in the Federal Register
as follows: February 12, 1885 (50 FR

~ 5811) and April 4, 1985 (50 FR 13420 and

13421).

In a letter to the Administrator dated
June 19, 1885, the Executive Committee
generally concurred on all five of the
guidelines, but recommended certain
revisions, and requested that any
revised guidelines be submitted to the

appropriate SAB review panel chairman .
. for review and concurrence on behalf of

the Executive Committee. As described
in the responses to comments (see Part
B: Response to the Public and Science
Advisory Board Comments), each

. guidelines document was revised, where "
"appropriate, consistent with the SAB
" recommendations, and revised draft

guidelines were submitted to the panel. _
chairmen. Revised draft Guidelines for

- Carcinogen Risk Assessment were

concurred on in a letter dated February
7. 1986, Copies of the letters are -
available at the Public Information
Reference Unit, EPA Headquarters

Library, as indicated elsewhere in thla .

notice.

Following this Preamble are two parts:

Part A contains the Guidelines and Part
B, the Response to the Public and
Science Advisory Board Comments (a

summary of the major public comments,

SAB comments, and Agency responses
to those comments).

. The Agency is continuing to study lhe
risk assessment issues raised in the

“ guidelines and will revise these

guidelines in line with new information
as appropriate.
References, supporting docurnents.

- and comments received on the proposed
" . guidelines, as well as copies of the final

guidelines, are available for inspection

-and copying at the Public Information

Reference Unit (202-382-6928), EPA
‘Headquarters Library, 401 M Street,
‘SW., Washington, DC, between the
hours of 8:00 a.m. and 4:30 p.m. .

I certify that these Guidelines are not
major rules as defined by Executive
Order 12201, because they are
nonbinding policy statements and have
no direct effect on the regulated
community. Therefore, they will have no

effect on costs or prices, and they wiil

b S AR LA O i L o -
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have no other significant adverse effects
on the economy. These Guidelines were
reviewed by the Office of Management
and Budget under Executive Order
12291.

Dated: August 22, 1988.
Lee M. Thomas,
_Administrator.

Contents

Part A: Guidelines for Carcinogen Risk
Assessment .

1. Introduction

" Hazard Identification

A. Overview
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4. Toxicologic Effects
5. Short-Term Tests
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7. Human Studies
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3. Equivalent Exposure Units Amons
Species
B. Exposure Assessment
C. Risk Characterization
1. Optiona for Numerical Risk Estimates
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3. Summary of Risk Characterization

1V. EPA Classification System for
Categorizing Weight of Evidence for
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Studies (Adapted From IARC)

. A. Assessment of Weight of Evidence for

Carcinogenicity From Studies in Humans
B. Assessment of Weight of Evidence for
Carcinogenicity From Studies in
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Evidence for Human Carcinogenicity
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Part A: Guidelines for Cardnosen Risk
Assessment

L Introduction

This is the first revision of the 1976
Interim Procedures and Guidelines for
Health Risk Assessments of Suspected
Carcinogens (U.S. EPA, 1976; Albert et
al., 1977). The irapetus for this revision is
the need to incorporate into these
Guidelines the concepts and approaches
to carcinogen risk assessment that have
been developed during the last ten

-years. The purpose of these Guidelines

is to promote quality and consistency of
carcinogen risk assessments within the
EPA and to inform those outside the
EPA about its approach to carcinogen
risk assessment. These Guidelines
emphasize the broad but essential
aspects of risk assessment that are
needed by experts in the various
disciplines required (e.g.. toxicology,
pathology, pharmacology, and statistics)
for carcinogen risk assessment.
Guidance is given in general ‘erms since
the science of carcinogenesis is in a
state of rapid advancement, and overly
specific approaches may rapidly become
obsolete.

These Guidelines describe the general
framework to be followed in developing
an analysis of carcinogenic risk and
some salient principles to be used in
evaluating the quality of data and in .

- formulating judgments concerning the

nature and magnitude of the cancer
hazard from suspect carcinogens. It is
the intent of these Guidelines to permit
sufficient flexibility to accommodate
new knowledge and new assessment
methods as they emerge. It is also
recognized that there is a need for new
methodology that has not been
addressed in this document in 8 number
of areas, e.g., the characterization of

" uncertainty. As this knowledge and

assessment methodology are developed,
these Guidelines will be revised
whenever appropriate.

A summary of the current state of
knowledge in the field of carcinogenesis
and a statement of broad scientific
principles of carcinogen risk
asseasment, which was developed by
the Office of Science and Technology
Policy (OSTP, 1885), forms an important
basis for these Guidelines; the format of
these Guidelines is similar to that
proposed by the National Research
Council (NRC) of the National Academy
of Sciences in a book entitled Risk
Asgessment in the Federal Government:
Managing the Process (NRC, 1883).

These Guidelines are to be used

- within the policy framework already

provided by applicable EPA statutes
and do not alter such policies, These
Guidelines provide general directions

F4701.FMT...[18.30]..4-15-88

for analyzing and organizing available

.data. They do not imply that one kind of

data or another Is prerequisite for
regulatory action to control, prohibit, or
allow the use of a carcinogen.

Regulatory decision making involves
two components: risk assessment and
risk management. Risk assessment
defines the adverse health consequerices
of exposure to toxic agents. The risk
assessments will be carried out
independently from considerations of
the consequences of regulatory action.
Risk management combines the risk
assessment with the directives of
regulatory legislation, together with
socioeconomic, technical, political, and
other considerations, to reach a decision
as to whether or how much to control
future exposure to the suspected toxic
agents.

Risk agsessment includes one or more
of the following components: hazard
identification, dose-response
assessment, exposure assessment, and.
risk characterization (NRC, 1983).

Hazard identification is a qualitative h

risk assessment, dealing with the
process of determining whether
exposure to an agent has the potential to
increase the incidence of cancer. For
purposes of theae Guidelines, both

malignant and benign tumors are used in 4
. the evaluation of the carcinogenic

hazard. The hazard identification
component qualitatively answers the
question of how likely an agent is to be
a human carcinogen. .

Traditionally, quantitative risk
assessment has been used as an ‘
inclusive term to describe all or parts of
dose-response assessment, exposure
assessment, and risk characterization.
Quantitative risk assessment can be a
useful general term in some

- circumstances, but the more explicit

terminology developed by the NRC
(1683) is usually preferred. The dose-
response assessment defines the
relationship between the dose of an
agent and the probability of induction of
a carcinogenic effect. This component
usually entaiis an extrapolation from the
generally high doses administered to
experimental animals or exposures
noted in epidemiologic studies to the
exposure levels expected from human
contact with the agent in the
environment; it also includes
considerations of the validny of these
extrapolations. .

The exposure assessment ldenufn--
populations exposed to the agent,
describes their composition and size.
and presents the types, magnitudes, -
frequencies, and durations of exposurv
to the agent.
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In risk characterization, the results of
the exposure assessment and the dose-
response assessment are combined to

" estimate quantitatively the carcinogenic

risk. As part of risk characterization, a
summary of the strengths and
weaknesses in the hazard identification,
dose-response assessment, exposure
assessment, and the public health risk
estimates are presented. Major
assumptions, scientific judgments, and,
to the extent possible, estimates of the
uncertainties embodied in the
assessment are also presented,
distinguishing clearly between fact,
assumption, and science policy.

The National Research Council (NRC,
1983) pointed out that there are many
questions encountered in the risk
assessment process that are

“unanswerable given current scientific

knowledge. To bridge the uncertainty
that exists in these areas where there I8
no scientific consensus, inferences must
be made to ensure that progress
continues in the asseasment process.
The OSTP (1885) reaffirmed this.
position, and generally left to the
regulatory agencies the job of
articulating these inferences.
Accordingly, the Guidelines incorporate
judgmental positions (science policies)
based on evaluation of the presently
available information and on the .
regulatory mission of the Agency. The
Guidelines are consistent with the
principles developed by the OSTP
(1885}, although in many instances are
necessarily more specific.

II. Hazard Identification
A. Overview

The qualitative assessment or hazard
identification part of risk assessment
contains a review of the relevant

_biological and chemical information

bearing on whether or not an agent may
pose a carcinogenic hazard. Since

chemical agents seldom occur in a pure

state and are often transformed in the
body, the review should include
available information on contaminants,
degradation products, and metabolites,

Studies are evaluated according to
sound biological and statistical
considerations and procedures. ‘Thess
have been described in several
publications (Interagency Regulatory
Liaison Group, 1879; OSTP, 1885; Peto et
al., 1980; Mantel, 1880; Mantel and
Haenszel, 1958; Interdisciplinary Panel
on Carcinogenicity, 1884; National

- Center for Toxicological Research, 1981;

National Toxicology Program, 1884; U.S.
EPA, 1983a, 1883b, 1883c; Haseman,
1884). Results and conclusjons
concerning the agent, derived from
different types of information, whether

S-074999 0004(00)(22-SEP-86-17:02:27)

indicating positive or negative
responses, are melded together into a
weight-of-evidence determination. The
strength of the evidence supporting a
potential human carcinogenicity
judgment is developed in a weight-of-
evidence stratification scheme.

B. Elements of Hazard Identification

Hazard identification should include a
review of the following information to

" the extent that it is available.

1. Physical-Chemical Properties and
Routes and Patterns of Exposure.
Parameters relevant to carcinogenesis,
including physical state, physical-
chemical properties, and exposure
pathways in the environment should be
described where possible. :

2. Structure-Activity Relationships.
This section should summarize relevant

‘structure-activity correlations that

support or argue against the prediction

.of potential carcinogenicity.

3. Metabolic and Pharmacokinetic
Properties. This section should -
summarize relevant metabolic
information. Information such as
whether the agent is direct-acting or
requires conversion to a reactive
carcinogenic (e.g., an electrophilic)
species, metabolic pathways for such
conversions, macromolecular

Interactions, and fate (e.g., transport,

storage, and excretion), as well as
species differences, should be discussed
and critically evaluated.
Pharmacokinetic properties determine
the biologically effective dose and may
be relevant to hazard identification and
other components of risk assessment.

4. Toxicologic Effects. Toxicologic

" effects other than carcinogenicity (e.g.,

suppression of the immune system,
endocrine disturbances, organ damage)
that are relevant to the evaluation of
carcinogenicity should be summarized.
Interactions with other chemicals or
agents and with lifestyle factors should
be discussed. Prechronic and chronic
toxicity evaluations, as well as other
test results, may yield information on
target organ effects, pathophysiological
reactions, and preneoplastic lesions that

‘bear on the evaluation of

carcinogenicity. Dose-response and .
time-to-response analyses of these
reactions msy also be helpful.

8. Short-Term Tests. Tests for point
mutations, numerical and structural

" chromosome aberrations, DNA damage/
repair, and /n vitro transformation
. provide supportive evidence of
" carcinogenicity and may give

information on potential carcinogenic
mechanisms. A range of tests from each
of the above end points helps to
characterize an agent’s response
spectrum.

F4701.FMT..{16.30]...4-15-68

Short-term in vivo and /n vitro tests
that can give indication of initiation and
promotion activity may also provide
supportive evidence for carcinogenicity.
Lack of positive results in short-term
tests for genetic toxicity does not
provide a basis for discounting positive
results in long-term animal studies.

6. Long-Term Animal Studies. Criteria
for the technical adequacy of animal
carcinogenicity studies have been
published (e.g., U.S. Food and Drug
Administration, 1882; Interagency
Regulatory Iiaison Group, 1979;
National Toxicology Program, 19884;
OSTP, 1885; U.S. EPA, 1983a, 1883b,
1983c; Feron et al., 1880; Mantel, 1860)
and should be used to judge the
acceptability of individual studies.
Transplacental and multigenerational
carcinogenesis studies, in additionto -
more conventional long-term animal
studies, can yield useful information
about the carcinogenicity of agents.

It is recognized that chemicals that
induce benign tumors frequently also
induce malignant tumors, and that
benign tumors often progress to
malignant tumors (Interdisciplinary
Panel on Carcinogenicity, 1984). The

- incidence of benign and malignant

tumors will be combined when

_scientifically defensible (OSTP, 1985;

Principle 8). For example, the Agency
will, in general, consider the '

“combination of benign and malignant
‘tumors to be scientifically defensible

unless the benign tumors are not
considered to have the potential to
progress to the associated malignancies

~ of the same histogenic origin. If an

increased incidence of benign tumors is.
observed in the absence of malignant
tumors, in most cases the evidence will
be considered as limited evidence of
carcinogenicity.

The weight of evidence that an agent

" is potentially carcinogenic for humans.

increases (1) with the increase in
number of tissue sites affected by the
agent; (2) with the increase in number of
animal species, strains, sexes, and
number of experiments and doses
showing a curcinogenic response; (3)
wit the occurrence of clear-cut dose-
response relationships as well as a high
leve! of statisticel significance of the
in.reased tumor incidence in treated
compared to control groups; (4) when -
there is a dose-related shortening of the
time-to-tumor occurrence or time to
death with tumor; and (5) when there is
a dose-related increase in the proportion’
of tumors that are malignant.

Long-term animal studies at or near
the maximum tolerated dose level
{MTD) are used to ensure an adequate

~ power for the detection of carcinogenic
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activity (NTP, 1884; IARC, 1982).
Negative long-term animal studies at
exposure levels above the MTD may not
be acceptable if animal survival is so
impaired that the sensitivity of the study
is significantly reduced below that of a
conventional chronic animal study at
the MTD. The OSTP (1885; Principle 4)
has stated that,

The carcinogenic effects of agents may be
influenced by non-physiological responses
(such as extensive organ damage, radical
disruption of hormonal function, saturation of
metabolic pathways, formation of stones in
the urinary tract, saturation of DNA repair
with a functional loss of the system:) induced

. in the model systems. Testing regimes

inducing these responses should be evaluated
for their relevance to the human response to
an agent and evidence from such a study,
whether positive or negative, must be
carefully reviewed.

Positive studies at levels above the MTD
should be carefully reviewed to ensure
that the responses are not due to factors
which do not.operate at exposure levels
below the MTD. Evidence indicating
that high exposures alter tumor

- responses by indirect mechanisms that

may be unrelated to effects at lower
exposures should be dealt with on an
individual basis. As noted by the OSTP
(1985), “Normal metabolic activation of
carcinogens may possibly also be

altered and carcinogenic potential

reduced as a consequence [of high-dose
testing].”

Carcinogenic responses under
conditions of the experiment should be
reviewed carefully as they relate to the
relevance of the evidence to human
carcinogenic risks (e.g., the occurrence
of bladder tumors in the presence of
bladder stones and implantation site
sarcomas). Interpretation of animal
studies is aided by the review of target
organ toxicity and other effects (e.g.,
changes in the immune and endocrine’
systems) that may be noted in
prechronic or other toxicological studies.
Time and dose-related changes in the
incidence of preneoplastic lesions may
also be helpful in interpreting animal
studies.

Agents that are positive in long-term
animal experiments and also show
evidence of promoting or cocarcinogenic
activity in specialized tests should be
considered as complete carcinogens
unless there is evidence to the contrary
because it is, at present, difficult to
determine whether an agent is only a.
promoting or cocarcinogenic agent.
Agents that show positive results in
special teats for initiation, promation, or
cocarcinogenicity and no indication of
tumor respcnse in well-conducted and
well-designed long-term animal studies

S-074999 0005(00)(22-SEP-86-17:02:30)

should be dealt with on an individual
basis.

To evaluate carcinogenicity, the
primary comparison is tumor response
in dosed animals as compared with that
in contemporary matched control
animals. Historical control data are
often valuable, however, and could be
used along with concurrent control data
in the evaluation of carcinogenic
responses (Haseman et al., 1884). For the
evaluation of rare tumors, even small -
tumor responses may be significant
compared to historical data. The review
of tumor data at sites with high
spontaneous background requires
special consideration (OSTP, 1985;
Principle 9). For instance, a response
that is significant with respect to the

experimental control group may become -

questionable if the historical control

‘data indicate that the experimental

control group had an unusually low
background incidence (NTP, 1884).

For a nu:nber of reasons, there are
widely diverging scientific views (OSTP,
1985; Ward et al., 19794, b; Tomatis,

1977; Nutrition Foundation, 1883) about

the validity of mouse liver tumors as an
indication of potential carcinogenicity in
humans when such tumors occur in
strains with high spontaneous
background incidence and when they

constitute the only tumor response to an .

agent. These Guidelines take the
position that when the only tumor
response is in the mouse liver and when
other couditions for a classification of
“gsufficient” evidence in animal studies
are met (e.g., replicate studies,
malignancy; see section IV), the data
should be considered as “sufficient”

.evidence of carcinogenicity. It is

understnod that this classification could
be changed on a case-by-case basis to
“limited,” if warranted, when factors
such as the following, are observed: an
increased incidence of tumors only in

- the highest dose group and/or only at

the end of the study; no substantial
dose-related increase in the proportion
of tumors that are malignant; the
occurrence of tumors that are

_predominantly benign; no dose-related

shortening of the time to the appearance
of tumors; negative or inconclusive
results from a spectrum of short-term
tests for mutagenic activity; the
occurrence of excess tumors only in a
single sex.

Data from all long-term animal studies
are to be considered in the evaluation of
carcinogenicity. A positive carcinogenic
response in one apecies/strain/sex is
not generslly negated by negative
results in other apeciea);tmln/sex.
Replicate negative studies that are
essentlally identical in all other respects

F47M . FMT..[18,70]...4-15-R4

to a positive study may indicate that the '

positive results are spurious.

Evidence for carcinogenic action
should be based on the observation of
statistically significant tumor responses
in specific organs or tissues.
Appropriate statistical snalysis should
be performed on data from long-term
studies to help determine whether the’
effects are treatment.-related or possibly
due to chance. These should at least
include a statistical test for trend,
including appropriate correction for

dilferences in survival. The weight to be

given to the level of statistical
significance (the p-value} and to other

" available pieces of information is a

matter of overall scientific judgment. A
statistically significant excess of tumors
of all types in the aggregate, in the
absence of a statistically significant
increase of any individual tumor type,
should be regarded as minimal evidence
of carcinogenic action unless there are
persuasive reasons to the contrary. '
. 7. Human Studies. Epidemiologic
studies provide unique information
about the response of humans who have
been exposed to suspect carcinogens.
Descriptive epidemiclogic studies are
useful in gererating hypotheses and
providing supporting data, but can
rarely be used to make a causal
inference. Analytical epidemiologic
studies of the case-control or cohort
variety, on the other hand, are
especially useful in assessing risks to
exposed humans.

Criteria for the adequacy of
epidemiologic studies are well
recognized. They include factors such as
the proper selection and
characterization of exposed and control
groups, the adequacy of duration and

.quality of follow-up, the proper

identification and characterization of
confounding factors and bias, the
appropriate consideration cf latency
effects, the valid ascertainment of the
causes of morbidity and death, and the
ability to detect specific effects. Where
it can be calculated, the statistical
power to detect an appropriate outcome
should be included in the assessment.
The strength of the epidemiologic
evidence for carcinogenicity depends,
among other things, on the type of
analysis and on the magnitude and
specificity of the response. The waight .
of evidence increases rapidly with the
number of adequate studies that show
comparable results on populations

.exposed to the same agent under

different conditions.

It should be recognirzed that
epidemiologic studies are inherently
capable of detecting only comparatively
large increases in the relative risk of

33905
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cancer. Negative results from such
studies cannot prove the absencs of
carcinogenic action; however, negative
results from a well-designed and well-
conducted epidemiologic study that
contains usable exposure data can serve
to define upper limits of risk; these are
useful if animal evidence indicates that
the agen; is potentlally carcinogenic in
humans.

C. Weight of Evidence

Evidence of possible carcinogenicity
in humans comes primarily from two
sources: long-term animal tests and
epidemiologic investigations. Results
from these studies are supplemented
with available information from short-
term tests, pharmacokinetic studies,
comparative metabolism studies,
structure-activity relationships, and
other relevant toxicologic studies. The
question of how likely an agent is to be
a human carcinogen should be answered
in the framework of a weight-of-
evidence judgment. judgments about the
weight of evidence involve
considerations of the quality end
adequacy of the data and the kinds and:
consistency of responses induced by a
suspect carcinogen. There are three
major steps to characterizing the weight
of evidence for carcinogenicity in

" bumans: (1) Characterization of the

evidence from human studies and from
animal studies individually, (2)
combination of the charscterizations of
these two types of data into an
indication of the overall weight of
evidence for human carcinogenicity, and
(3) evaluation of all supporting
information to determine if the overall
weight of evidence should be modified.

EPA has developed a system for
stratifying the weight of cvidence (see
section IV). This classification is not
meant to lw applied rigidly or

‘mechanically. At various points in the

above discussion, FPA hss emphasized
the need for an overall, balanced

- judgment of the totality of the available

evidence, Particularly for well-gstudied

substances, the scientific data base will -

have a complexity that cunnot be
captured by any classification scheme.
Therefore, the hazard identification
section should include a narrative
summary of the strengths and
weaknesses of the evidence as well as
ita categorization in the EPA scheme,
The EPA classification system is, in
general, an adaptation of the
International Agency for Research on
Cancer (LARC, 1882) approach for
classifying the weight of evidence for
human data and animal data. The EPA
classification system ‘or the
charsacterization of the overall weight of
evidence for can:!nonvmicﬂy (animal,

" human, and other supportive data)

includes: Group A—Carcinogenic to
Humans; Group B—Probably
Carcinogenic to Humans; Group C—
Possibly Carcinogenic to Humans;

. Group D—Not Classifiable as tv Human

Carcinogenicity; and Group E—
Evidence of Non-Carcinogenicity for
Humans.

The following modifications of the
IARC approach have been made for
classifying human and animal studies.

For human studies:

(1) The observation of a statistically

significant association between an agent:

and life-threatening benign tumors in

humans is included in the evaluation of -

risks to humans.

(2) A "no data available"
classification is added.

(3) A “no evidence of carclnogenlcity"
classification is added. This
classificaton indicates that no
association was found between
exposure and increased risk of cancer in
well-conducted, well-designed,
independent analytical epidemiologic
studies.

Por animal studies: '

(1) An increased incidence of

" combined benign and malignant tumors

will be considered to provide sufficient
evidence of carcinogenicity if the other
criteria defining the “sufficient”
classification of evidence are met (».g.,
replicate studies, malignancy: see
section IV). Benign and malignant
tumors will be combined when
scientifically defensible.

(2) An increased incidence of benign
tumors alone generally constitutes
“limited” evidence of carcinogenicity.

(3) An increased incidence of
neoplasms that occur with high
spontaneous background incidence (e.g..

. mouse liver tumors and rat pituitary

tumors in certain strains) generally
constitutes “sufficient” evidence of

* carcinogenicity, but may be changed to.'

“limited” when warranted by the

specific information available on the

nt.

(4) A “no data available”
classification has been added.

(5) A “2 evidence of carcinogenicity”
clessification is also added. This
operational classification would include
substances for which there is no
increased incidence of neoplasms in at
least two well-designed and well-
conducted animal studies of adequate
power and doss in di Terent species.

D. Guidance for Dose-Response
Assessment

The qualitative evidence for
carcinogenesis should be discussed for

purposes of guiding the dose-response
numnmmt. The guidance should be
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given in terms of the appropriateness

- and limitations of specific studies as

well as pharmacokinetic considerations
that should be factored into the doge-
response assessment. The sppropriate
method of extrapolation should be
factored in when the experimental route

. of exposure differs from that occurring

in humans.

Agents that are judged to be in the
EPA weight-of-evidence stratification
Groups A and B would be regarded as
suitable for quantitative risk
assessments. Agents that are judged to
be in Group C will generally be regarded
as sultable for quantitative risk
assessment, but judgments in this regard
may be made on a case-by-case basis.
Agents that are judged to be in Groups
D and E would not have quantitative
risk assessments.

- B. Summary and Condualbn

‘The summary should present all of the
key findings in all of the sections of the .
quaiitative assessment and the
interpretive rationale that forms the
basis for the conclusion. Assumptions,
uncertainties in the evidence, and other
fectors that may affect the relevance of
the evidence to humans should be.
discussed. The conclusion should
present both the weight-of-evidence
ranking and a description that brings out -
the more subtle aspects of the evidence
that may not be evident from the

ranking alone. .

IIl. Dose-Response Assessment,
Exposure Assessment, and Risk
Characterization

After data concern-i.g the
carcinogenic properties of a substance
have been collected, evaluated, and
categorized, it is frequently desirable to-
estimate the likely range of excess
cancer risk associated with given levels
and conditions of human exposure. The
first step of the analyris needed to make -
such estimations is the development of
the likely relationship between dose and
response (cancer incidence) in the '
region of human exposure. This
information on dose-response
relatio—ships is coupled with
information on the nature and
magnitude of human exposure to yield
an estimate of human risk. The risk-
characterization step also includes an
interpretation of these estimates In light
of the biological, statistical, and

. exposure assumptions and uncertainties

that have urisen throughout the procou
of assessing risk.

The elements of dosa-response
assessment are described in saction.

TI1.A. Gujdance on human exposure

assessmant is provided in another EPA’
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document (U.S. EPA, 1968); however,
section [I1.B. of these Guidelines
includes a brief description of the
specific type of exposure information
that is useful for carcinogen risk
assessment. Finally, in section [11.C. on
risk characterization, there is a
description of the manner in which risk
estimates should be presented so as to
be most informative.

It should be emphasized that
calculation of quantitative estimates of
cancer risk does not require that an
agent be carcinogenic in humans. The
likelihood that an agent is a human
carcinogen s s function of the weight of
evidence, as this has been described in
the hazard identification section of these
Guidelines. It is nevertheless important
to present quantitative estimates,

appropriately qualified and interpreted,
in those circumstances in which there is -

a reasonable possibility, based on
human and unimal data, that the agent
is ca cin humans. =

It should be emphasized in every
quantitative risk estimation that the
results are uncertain. Uncertainties due

" to experimental and epidemiologic

variability as well as uncertainty in the
exposure assessment can be important.
There are major uncertainties in
extrapolating both from animals to
humans and from high to low doses.
There are important species differences
in uptake, metabolism, and organ -
distribution of carcinogens, as well as

species and strain differences in target-

site susceptibility. Human populations

constitution, diet, occupational and
home environment, activity patterns,
and other cultural factors. Risk

- estimates should be presented together

with the associated hazard assessment
(section ITLC.3.) to.ensure that there is
an appreciation of the weight of

evidence for carcinogenicity that
underlies the quantitative risk estimates.

A Dooo-Rnponu Assessment

1. Selection of Data. As indicated in
section [LD., guidance needs to be given
by the individuals doing the qualitative
agsessment (toxicologists, pathologists.

pharmacologists, etc.) to those doing the |

quantitalive assessment as to the =
appropriate data to be used in the dose-
response assessment. This is determined
by the quality of the da iy, its relevance
to buman modes of exposure, and other
technical details.

If available, estimates based on

- adequate human epidemiologic data are

preierred over estimates based on
snimal data. If adequate exposure data
exist in a well-designed and well-
conducted negative epidemiologic study,
it may be possible to obtain an upper-

S—O‘N’” 0007(00X22-SEP-86-1702:39)

extrapolations will generall

bound estimate of risk from that study.
Animal-based estimates, if available,
also should be presented.

In the absence of appropriate human
studies, data from a species that
responds most like humans should be
used, if information to this effect exists.
Where, for a given agent, several studies
are available, which may involve
different animal species, strains, and
sexes at séveral doses and by different

_ routes of exposure, the following

approach to selecting the data sets is
used: (1) The tumor incidence data are
separated according to organ site and
tumor type. (2) All biologically and ’
statistically acceptable data sets are
presented. (3) The range of the risk

. . estimates is presented with due regard

to biological relevance (particularly in
the case of animal studies) and .
appropriateness of route of exposure. (4)
Because it is possible that human
sensitivity is as high as the most
sensitive responding animal species, in
the absence of evidence to the contrary,
the biologically acceptable data set from
long-lerm animal studies showing the
greatest sensitivity should generally be
given the greatest emphasis, again with
due regard to biological and statistical
considerations.

When the exposure route in the
species from which the dose-response
information is obtained differs from the

~ route occurring in environmental ,
- exposures, the considerations used in

making the route-to-route extrapolation

" . must be carefully described. All

assumptions should be presented along .

" with a discussion of the uncertainties in

the extrapolation. Whatever procedure .
is adopted in a given case, it must be

- consistent with the existing metsbolic

and pharmacokinetic information on the
chemical (e.g., absorption efficiency via
the gut and lung, target organ doses. and
changes in placental transport
throughout gestation for transplacental
carcinogens).

Where two or more significantly
elevated tumor sites or types are
observed in the same study,

.extrapolations may be conducted on

selected sites or types. These selections

- will be made on biological grounds. To

obtain a total estimate of carcinogenic
risk, animals with one or mare tumor

-sites or types showing significantly

elevated tumor incidence should be
pooled and used for extrapolation. The

. pooled estimates will generally be used

in preference to risk estimates based on
single sites or types. Quantitauva risk
notbe

done on the basis of totals that include

. tumor eites without statisticslly

significant elevations.

FA701.PMT...[16,30)...4.15-00

Benign tumors should generally be
combined with malignant tumors for risk
estimates unless the benign tumors are
not considered to have the potential to
progress to the associated malignancies
of the same histogenic origin. The
contribution of the benign tumors,
however. to the total risk should be
indicated.

2. Choice of Mathematical
Extrapolation Model. Since risks at low
exposure levels cannot be measured

directly either by animal experiments or _

by epidemiologic studies, a number of
mathematical models have been
developed to extrapolate from high to
low dose. Different extrapolation

- models, however, may fit the observed

data reasonably well but may lead to
large differences in the projected risk at
low doses.

As was pointed out by OSTP (1885:
Principle 28),

No single mathematical procecure is

as the must appropriate for low-

dose extrapolation in carcinogenesis. When
relevant biological evidence on mechanism of
action exists {e.g.. pharmacokinetics, target
organ dose), the models or procedures
employed should be consistent with the
evidence. When date and information are
limited, however, and when much uncertainty
exists regarding the mechanism of
carcinogenic action, models or procedures
which incorporate low-dose linearity cre
preferred when eomwuble with the limited
information,

| At present, mechanisms of the

carcinogenesis process are largely
unknown and dala are generally limited.
If a carcinogenic agent acts by
accelerating the same carcinogenic
process that leads to the background
occurrence of cancer, the added eflect of
the carcinogen at low doses is expected

to be virtually linear (Crump et al., 1876). .

The Agency will review each
assessment as to the evidence on
carcinogenesis mechanisms and other
biological or statistical evidence that
indicates the suitability of a particular
extrapolation model. Goodness-of-fit to
the experimental observations is not an
effective means of discriminating aniong
models (OSTP, 1985). A rationale will be
included to justify the use of the chosen
model. In the absence of adequate
information to the contrary, the
linearized multistage procedure will be
employed. Where appropriate, the
results of using various extrapolation
models may be useful for comparilon -
with the linearized multistage '
procedure. When longitudinal data on
tumor development are available, time-
to-tumor models may be used.

It should be emphasized that the
linesrized multisiage procedure leads tn




-

.

Foderal Register / Vol. 51, No. 185 / Wednesday. September 24, 1888 / Notices

a plausible upper limit to the risk that is -
consistent with some proposed
mechanisms of carcinogenesis. Such an
estimate, however, does not necessarily
give a realistic prediction of the risk.
The true value of the risk s unknown,
and may be as low as zero. The range of
risks, defined by the upper limit given
by the chosen model and the lower limit
which may be as low as zero, should be
explicitly stated. An established
procedure does not yet exist for making
“most likely” or “best” estimates of riak

" within the range of uncertainty defined

by the upper and lower limit estimates,
If data and procedures become
avmlable. the Agency will also provide
“most likely"” or “best” estimates of risk.
This will be most [easible when human
data are available and when exposures

.are in the dose range of the data.

In certain cases, the linearized

‘multistage procedure cannot be used

with the observed dats as, for example,

‘when the data are nonmonotonic or

flatten out at high doses. In these cases,
it may be necessary to make
adjustments to achieve low-dose
linearity.

When pharmacokinetic or metabolism

data are available, or when other

substantial evidence on the mechanistic
aspects of the carcinogenesis process -
exists, a low-dose extrapolation model
other than the linearized muitistage
procedure might be considered more
appropriate on biological grounds.
When a different mode! is chosen, the
risk assessment should clearly discuss
the nature and weight of evidence that
led to the choice. Considerable

- uncertainty will remain concerning
response al low doses; therefore, in

mosl cases an upper-limit risk estimate
using the linearized multistage
procedure should also be presented.

3. Equivalent Exposure Units Among
Species. Low-dose risk estimates
derived from laboratory animal data
extrapolated to humans are complicated
by a variety of factors that differ among
species and potentially affect the
response lo carcinogens. Included
among these factors are differences
between humans and experimental test
animals with respect to life span, body
size, genetic variability, population
homogeneity. existence of concurrent
disese, pharmacokinetic effects such as
metabolism and exmtlon patterns, and
th2 exposure regimen

‘The usual approach for making

interspecies comparisons has been to
use standardized scaling factors.
Commonly employed standardized
dosage scales include mg per kg body
weight per day, ppm in the diet or water,
mg per m* body surface area per day,

S 074999  OOOK(XN22-SEP-86-17:02:18)

and mg per kg body weight per lifetime.
In the absence of comparative
toxicological, physiological, metabolic,
and pharmacokinetic data for a given
suspect carcinogen, the Agency takes
the position that the extrapolation on
the basis of surface area is considered

o be appropriate because certain

pharmacological effects commonly scale
according to surface area (Dedrick, 1973;
Freireich et al., 1968; Pinkel, 1958).

B: Exposure Assessment

In order to obtain a quantitative
estimate of the risk, the results of the
dose-response asseasment must be
combined with an estimate of the
exposures to which the populations of
interest are likely to be subject. While
the reader is referred to the Guidelines
for Estimating Exposures {U.S. EPA,
1986) for specific details, it is important
to convey an appreciation of the impact
of the strengths and weaknesses of
exposure assessment on the overall
cancer risk assessment process.

At present there is no single approach

to exposure assessment that is
apprepriate for all cases. On a case-by-
case basis, appropriate methods are
selected to match the data on hand and
the level of sophistication required. The
assumptions, approximations, and
uncertainties need to be clearly stated
because, in some instances, these will
have a major effect on the risk
assessment.

In general, the magnitude, duration,
and frequency of exposure provide

" fundamental information for estimating

the concentration of the carcinogen to
which the organism is exposed. These
data are generated from monitorin
information, modeling results, and?ot
reasoned estimates. An appropriate
treatment of exposure should consider
the potential for exposure via ingestion,
inhalation, and dermal penetration from
relevant sources of exposures including
multiple avenues of intake from the

~ same source.

Special problems arise when the

‘human exposure situation of concern

suggests exposure regimens, e. ., route
and dosing schedule, that are
substantially different from those uud
in the relevant animal studies. Unless
there is e7idence to the contrary in a
particular case, the cumulative dose
received over a lifetime, expressed as
average daily exposure prorated over a
lifetime, is recommended as an
appropriate measure of exposure to a

. carcinogen. That is, the assumption is

made that a high dose of a carcinogen
received over a short period of time is
equivalent to a corresponding low-dose

e g VR PN Fam Y 4 4" NAa

spread over a lifetime. This approach
becomes more problematical as the
exposures in question become more
intense but less frequent. especielly
when there is evidence that the agent
has shown dose-rate eflects.

An attempt should be made to assess
the level of uncertainty associated with
the exposure assessment which is to be .
used in a cancer risk assessment. This
measure of uncertainty should be

. included in the risk characterization

(section II1.C.} in order to provide the
decision-maker with a clear
understanding of the impact of this
uncertainty on any final quantitative
risk estimate. Subpopulations with :
heightened susceptibility (either because
of exposure or predisposition) should,
when possible, be identified.

C. Risk Characterization

Risk characterization is composed of
two parts. One is a presentation of the
numerical estimates of risk: the other is

" a framework to help judge the

significance of the risk. Risk
characterization includes the exposure
assessment and dose-response
assessment; these are used in the
estimation of carcinogenic risk. It may
also consist of a unit-risk estimete ,
which can be combined elsewhere with
the exposure assessment for the "
purposes of estimating cancer risk.

Hazard identification and dose-
response assessment are covered in
sections 1l and [ILA., and a detalied
discussion of exposure assessment is
contained in EPA's Guidelines for
Estimating Exposures (U.S. EPA, 1888).
This section deals with the numerical
risk estimates and the approach to
summarizing risk characterization.

1. Options for Numerical Risk
Estimates. Depending on the needs of
the individual program offices,

- numerical estimates can be preaenléd in

one or more of the following three ways.

a. Unit Risk—Under an assumption of
low-dose linearity, the unit cancer risk is
the excess lifetime risk duetoa -
continuous ronstant lifetime exposure of
one unit of carcinogen concentration.
Typical exposure units include ppm of
ppb in food or water, mg/! g/day by -
ingestion, or ppm or ug/m? in air.

b. Dose Corresponding to a Given
Level of Risk—This approach can be
useful, particularly when using
nonlinear extrapolation models where
the unit risk would differ at differen:

" dose levels.

¢. Individual and Population Risks—
Risks may be characterized either in
terms of the excess Individual lifetime
risks, the excess number of cancers
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produced per year in the exposed
population, or both.

Irrespective of the options chosen, the
degree of precision and accuracy in the
numericul risk estimates currently do -
not permit more thun one significant
figure to be presented.

2. Concurrent Exposure. In
characterizing the risk due to concurrent
exposure to several carcinogens, the
risks are combined on the basis of -
additivity unless there is specific

information to the contrary. Interactions

of cocarcinogens, promoters, and

“Inittators with known carcinogens .

should be considered on a case- by -case

-basis.

3. Summary of Risk Characterization,
Whichever method of presentation is
chosen, it is critical that the numerical
estimates not be allowed to stand alone,
separated from the various assumptions
and uncertainties upon which they are
based. The risk characterization should
conlain a discussion and interpretation
of the numerical estimates that affords
the risk manager some insight into the
degree to which the quantitative
estimales are likely to reflect the true
magnitude of human risk, which,
generally cannot be known with the.
degree of quantitative accuracy :
reflected in the numerical estimated. The
final risk estimate will be generally
rounded to one significant figure and
will be coupled with the EPA
classification of the qualitative weight of
evidence. For example, a lifetime
individual rigk of 21074 resulting from
exposure to a “probable human
carcinogen” (Group B2) should be
designated as: 2x10°4 [B2]. This
brackeled designation of the qualitative
weight of evidence should be included
with all numerical risk estimates (i.e.,
unit risks, which are risks at a specified
concentration or concentrations
corresponding to a given risk). Agency
statements, such as Federal Register
notices, briefings, and action
memoranda, frequently include
numerical estimates of carcinogenic risk.
It is recommended that whenever these
numerical estimates are used, the
qualitative weight-of-evidence
classification should also be included.

The section on risk characterization
should summarize the hazard
identification, dose-response
assessment, exposure assessment, and
the public health risk estimates. Major
assumptions, scientific judgments, and,
to the extent possible, estimates of the
uncertainties embodied in the
assessment are presented. )

. agent(s). L

"which the incidence of cancer in human

- increased risk of cancer..

-associntud with life-threatening benign tumors In

1V. EPA Classification System for -
Categorizing Weight of Evidence for
Carcinogenicity From Human and )
Animal Studies (Adapted From IARC)

A. Assessment of Weight of Evidence
for Carcinogenicity From Studies in '
Humans

" and iherefore a causal inierpretation is y
- not credible.. . - -

4. No data,'which indrcates ihat data
are not available.

5. No evidence, which indicaies that
no association was found between"
exposure and an increased risk of -
cancer in well-designed and well- ;
conducted independent anaiytrcel .
epidemiologic studies. :

Evidence of carcinogenicity from
human studies comes from lhree main .
sources: :

1. Case reports of rndrvndual cancer
patients who were expoeed to ihe

" B.’Assessmenit'of Weight of Evidence fc
‘:"‘Cercinogemcity From Studies’'in .. "
-*.'_'Experimentel Animals . ¢ .0

These asseasments dre ciessified into
five groups: -

1. Sufficient evidence 2of .
carcinogenicity, which indicdtes that
there is an increased incidence of
malignant tumors or combined - "
malignant and benign tumors: 3 (a) in- )
multiple species or strains; or (b} in :.: P
multiple experiments (e.g., with different’
routes of administration or using
different dose levels); or (c) to an’
unusual degree in a single experiment:
with regard to high incidence, unusual °
site or type of tumor, or early ege et ».7
onset, i
Additional evidence may be provided
"by data on dose-response effects, as’ .-
- well as information from short: term
‘tests or on chemical structure.®
S 2, Lxmlted evidence of carcmogeniciiy

* .which means that the data suggest a -

carcinogenic effect but are limited : «:

because: (a) the studies involve a single’ "
species; strain, or experiment and do not:
meet criteria for sufficient evidence (see”
section IV, B.1.c); (b) the experiments -

_are restricted by inadequate dosage

levels, inadequate duration of exposure: -
to the agent, inadequate period of - '
_follow-up, poor survival, too few ;
animals, or inadequate reporting. or fc)
- an increase in the incidence of benign
tumors only. .
3. Inadequate evidénce,; which i

Indicates that because of major' - .".

qualitative or quantitative limitations
. the studies cannot be interpreted as .

.showing eitherthe presence or absence
of a cerclnogemc effect

2. Descriptive epidemioiogic etudies in:,

populations was found to vary in space °
or time with exposure to the agent(s). ..

3. Analytical epidemiologic (case-
control and cohort) studies in which
individual exposure to the agent(s) was
found to be associated with an

L

Three crileria must be met before a
causal association can be inferred
between exposure and cancer in
humans:

1. There is no identified bias that
could explain the association.

2. The possibility of confounding has
been considered and ruled out as
explaining the association. T

3. The association is unlikely to be R
due to chunce.

In general, although a single aludy
may be indicative of a cause-effect-
relationship, confidence in inferring a
causal association is increased when
several independent studies are
concordant in showing the association,
when the association is strong, when *
there is a dose- -response relallonshlp. or
when a reduction in exposure is .
followed by a reduction in the incidence
of cancer.

The weight of evidence for
carcinogenicity ! from studies in humans
is classified as:

1. Sufficient evidence of i
carcinogenicity, which indicates that . . :
there is a causal relationship beiween
the agent.and human cancer. .

2. Limited evidence of carcinogemcity,‘ :
which indicates that a causal o
interpretation is credible, but that * *’
alternative explanations, such as -
chance, bias, or confounding, could not
adequately be excluded. :

3. Inadequate evidence, which- .+
indicates that one of two conditions :
prevailed: (a) there were few pertinent -
data, or (b} the available studies, while
showing evidence of association, did not '
exclude chance, bias, or confoundmg

r

. 5.No evidence. which indicatee the
there is no increased mcndence of -

' "".'
| —————— H

* An Increased lncidence of neopleuma ihei accur
, with high spontaneous background incidence (e.8.
" mouse liver tumors and rat pituitary lumorq in.. .
" certain straina) generally conatitutes “sufficient” ..:
evidence of carcinogenicity, but may be changed | lo
“limited" when warranted by the specif‘io G
.information available on the agent.: . inh K
* Benlgn and malignant tumors will bé combined
unlesa the benign tumors are not consjdered to have
. the potential Yo progress to the associated -
malignancies'of the same hialogenic origln

3 For purposes of public health prolecllon egenlc

humuns are Included in the evaluation. ! v -_. P




S

LY

34000

Federal Register / Vol. 51, No. 185 '/ Wednesday, September 24, 1888 / Notices : }‘f."

i

and well-conducted animal studies in
different species.

The claasifications “sufficient
evidence” and “limited evidence" refer
only to the weight of the experimental
evidence that these agents are
carcinogenic and not to the potency of
their carcinogenic action,

C. Categorization of Overall Weight of
Evidence for Human Carcinogenicity

The overall scheme for categorization
of the weight of evidence of
carcinogenicity of a chemical for
humans uses a three-step process. (1)
The weight of evidence in human
studies or animal studies is summarized;
(2) these lines of information are

combined to yield a tentative
assignment to a category (see Table 1);
and (3) all relevant supportive
information is evaluated to see if the’
designation of the overall weight of -
evidence needs to be modified. Relevant
factors to be included along with the
tumor information from human and
animal studies include structure-activity
relationships; short-term test findings;
results of appropriate physiological,
biochemical, and toxicological
observations; and comparative
metabolism and pharmacokinetic
studies. The nature of these findings
may cause one to adjust the overall
categorization of the weight of evidence.

TABLE 1.—ILLUSTRATIVE CATEGORIZATION OF EVIDENCE BASED ON ANIMAL
. AND HUMAN DATA !

Animel evidence
Human evidence No
. SuMdom LUmited indequate No data Evidence
Sufficient A A A A A
Uimited B1 81 Bt B1 Bt
Inadequate B2 (o D D D
No data B2 C D D E
No evidence B2 C D D E
! The shove for fustrative There may

The agents are categorized into five
groups as follows:

G.oup A—Human Carcinogen

This group is used only when there is
sufficient evidence from epidemiologic
studies to support a causal association-
between exposure to the agents and
cancer.

Group B—Probable Human Carcinogen

This group includes agents for which
the weight of evidence of human
carcinogenicity based on epidemiologic
studies is “limited" and also includes -
agents for which the weight of evidence
of carcinogenicity based on animal
studies is “'sufficient.” The group is
divided into two subgroups. Usually,
Group B1 is reserved for agents for
which there is limited evidence of
carcinogenicity from epidemiologic
studies. !t is reasonable, for practical
purposes, to regard an agent for which
there is “sufficient” evidence of
carcinogenicity in animals as if it

S-074999 0010(00)X22-SEP-86-17:02:4))

presented a carcinogenic risk to humans.
Therefore, agents for which there is
“sufficient” evidence from animal
studies and for which there is
“inadequate evidence" or “no data”
from epidemiologic studies would
usually be categorized under Group B2.

Group C—Possible Human Carcinogen

This group is used for agents with
limited evidence of carcinogenicity in
animals in the absence of human data. It
includes a wide variety of evidence, e.g.,
(a) a malignant tumor response in a
single well-conducted experiment that

- does not meet conditions for sufficient

evidence, (b) tumor responses of
marginal statistical significance in
studies having inadequate design or
reporting. (c) benign but not malignant

tumors with an agent showing no L

response in a variety of short-term tests
for mutagenicity, and (d) responses of
marginal statistical significance in a
tissue known to have a high or variable

background rate.

'hown ™Er tanan) g qr pa
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Group D—Not Classifiable as to Human
Carcinogenicity _
This group is generally used for agents

with inadequate human and animal
evidence nf carcinogenicity or for which i

no data are available.

Group E—Evidence of Non-

Carcinogenicity for H{umans o 3

This group is used for agents that
show no evidence for carcinogenicity in
at least two adequate animal tests in
different species or in both adequate
epidemiologic and animal studies.

_The designation of an agent as being
Is. Group E is based on the available
evidence and should not be interpreted
as a definitive conclusion that the agent
will not be a carcinogen under any
circumstances.

Albert, R.E., Train, R.E, and Anderson, E.
1977. Rationale developed by the
Environmental Protection Agency for the
assessment of carcinogenic risks. ]. Natl.
Cancer Inst. 58:1537-1541.

Crump, K.S., Hoel, D.G., Langley, C.H., Peto,
R. 1876. Fundamental carcinogenic
processes and their implications for low
dose risk assessment. Cancer Res. 16:2973-
2979

Dedrick. R.L. 1973, Animal Scale Up. J.

Pharmacokinet. Biopharm. 1:435-461.

Feron, V.}., Grice, H.C.. Griesemer. R., Peto,
R.. Agthe, C., Althoff, )., Amold, D.L,
Blumenthal, H., Cabral. J.R.P., Della Porta,
G.. Ito, N., Kimmerle, G., Kroes, R., Mohr,
U., Napalkov, N.P.. Odashima, S., Page,
N.P., Schramm, T., Steinhoff, D., Sugar. ]..
Tomatis, L., Uehleke, H., and Vouk, V. 1960.
Basic requirements for long-term assays for
"carcinogenicity. In: Long-term and short-
term screening assays for curcinogens: a
cntical appraisal. IARC Moncgraphs,
Supplement 2. Lyon, Fravice: International
Agency for Research ca Cancer, pp 21-83.

Preireich, E.].. Gehan, E.A., Rall, D.P.,
Schmidt, L.H., and Skipper. H.E. 1968.
Quantitative comparison of toxicity of
anticancer agents in mouse, rat, hamster,
dog. monkey and man. Cancer Chemother.
Rep. 50:210-244.

Haseman, ].K. 1984. Statistical issues in the
design, analysis and interpretation of
animal carcinogenicity studies. Environ.
Health Perspect. 58:385-302.

Haseman, ].K., Huff, ].. and Boorman, G.A.
1964. Use of historical control data in

_carcinogenicity studies in rodents. Toxicol.
Pathol. 12:128-138.

Interagency Regulatory Liaison Group (IRLG).
1979. Scientific basis for identification of
potential carcinogens and estimation of
risks. J. Natl. Cancer Inst. 63:245-267.

Interdisciplinary Panel on Carcinogenicity.
1064. Criteria for evidence of chemical

- carcinogenicity. Science 225:682-887.

_Internationsl Agency for Research on Cancer

(LARC). 1082. IARC Monogrephs on the




Ko

. Federal Register / Vol. 51, No. 185 / Wednesday, September 24, 1888 / Notices

Evaluation of the Carcinogenic Risk of
Chamicals to Humans, Supplement 4. Lyon,
France: International Agency for Research
on Cancer.

Mantel, N. 1880. Assessing laboratory
evidence for neoplastic activity. Biometrics
38:381-399.

Mantel, N., and Haenszel, W. 1859, Statistical

aspects of the analysis of data from
retrospective studies of disease. . Natl.
Cancer Inst. 22:719-748.

National Center for Toxicological Research
(NCTR). 1881. Guidelines for statistical
tests for carcinogenicity in chronic
bioassays. NCTR Biometry Technical
Report 81-001. Available from: National
Center {or Toxicological Research.

National Research Council (NRC). 1863. Risk
assessment in the Federal government:
managing the process. Washington, D.C.:
National Academy Press.

National Toxicology Program. 1984. Report of
the Ad Hoc Panel on Chemical
Carcinogenesis Testing and Evaluation of

the National Toxicology Program, Board of -

Scientific Counselors. Available from: U.S.
Government Printing Office, Washington,
D.C. 1964-421-132:4728.

Nutrition Foundation. 1883. The relevance of

mouse liver hepatoma to human
carcinogenic risk: a report of the
International Expert Advisory Commitiee
to the Nutrition Foundation. Available
from: Nutrition Foundation. ISBN 0-935:168-
37-x.”

OfTice of Science and Technology Policy
(OSTP). 198S. Chemical carcinogens:
review of the science and its associated
principles. Federal Register 50:10372-10442.

Peto, R., Pike, M., Day, N., Gray, R., Lee, P,
Parish, S., Peto, .. Richard. S., and
Wahrendord, . 1960. Guidelines for simple,
sensitive, significant tests for carcinogenic
effects in long-term animal experiments. In:
Monographs on the long-term a~d short-
term screening assays for carcinogens: a
critical appraisal. IARC Monographs.
Supplement 2. Lyon, France: International
Agency for Research on Cancer, pp. 311-
428. :

Pinkel, D. 1988. The use of body surface area
as a criterion of drug dosage in cancer
chemotherapy. Cancer Res. 18:853-856.

Tomatis, L. 1977, The value of long-term.
testing for the implementation of primary
prevention. In: Origins of human cancer.
Hiatt, H.H., Watson, ].D., and Winstein,
J.A., eds. Cold Spring Harbor Laboratory,
Pp. 1339-1357.

U.S. Environmental Protection Ageacy (U.S.

. EPA). 1976. Interim procedures and
guidelines for health risk and economicr
impact assessments of suspected
carcinogens. Federal Regiller 41:21402-
Z1408.

U.S. Environmental Protectjon Agency (U.S.
EPA). 1860. Water quality criteria -
documents; avalilability. Federal Register
45:78318-79379.

U.S. Environmental Protection Agency (U.S.
FPA). 1983a. Good laboratory practices
standards—toxicology tuung. Federal
Register 48:50922,

U.S. Environmental Protection Agency (U.S.
EPA). 1683b. Hazard evaluations: humans
and domestic animals. Subdivision F.

$-074999 0011(00X22-SEP-86-17:02:46)

Available from: NTIS, Springfield, VA. PB

83-153918.

U.S. Environmental Protection Agency (U.S.
EPA). 1883c. Health effects tast guidelines.
Available from: NTIS, Springfield. VA. PB
83-232084.

U.S. Environmental Protection Agency (U.S.
EPA). 1888. Guidelines for estimating
exposures.

U.S. Food and Drug Admlnlltndon (Us.
FDA). 1882. Toxicological principles for the
safety assessment of direct food aaitives
and color additives used in food. Avsilable
from: Bureau of Foods, U.S. Food anc' Drug
Administration.

Ward, |.M., Griesemer, R.A., and Welsbu rger,
EK. 1978a. The mouse liver tumor as an
endpoint in carcinogenesis tests. Toxicol.
Appl. Pharmacol. 51:389-397.

Ward, .M., Goodman, D.G., Squire, R.A.,
Chu, K.C,, and Linhart, M.S. 1878b.
Neoplastic and nonneoplastic lesions in
aging (C57BL/6N x C3IH/HeN)F, (B6C3F,)
mice. ]. Natl. Cancer Inst. 63:849-854.

Part B: Response to Public and Sclence
Advisory Bcurd Comments

L Introduction

This section summarizes the major
issues raised during both the public -
comment period on the Proposed
Guidelines for Carcinogen Risk
Assessment published on November 23,
1984 (49 FR 46204), and also during the
April 22~23, 1885, meeting of the
Carcinogzen Risk Assessment Guidelines
Panel of the Science Advisory Board
(SAB).

In order to respond to these issues the
Agency modified the proposed
guidelines in two stages. First, changes
resulting from consideration of the

public comments were made in a draft

sent to the SAB review panel prior to

their April meeting. Secondly, the

guidelines were further modified in
response to the panel's

~ recommendations.

The Agency received 62 sets of
comments during the public comment
period, including 28 from corporations, 9
from professional or trade associations,
and 4 from academic institutions. In
general, the comments were favorable.
The commentors welcomed the update
of the 1876 guidelines and felt that the
proposed guidelines of 1885 reflected
some of the progress that has occurred
in understanding the mechanisms of
carcinogenesis. Many commentors,
however, felt thal additional changes
wers warranted.

The SAB concluded that the
guidelines are “reasonably complete in
their conceptual framevrork and are
sound in their overall interpretation of
the scientific issues" (Report by the SAB
Carcinogenicity Guidelines Review
Group. June 18, 1885). The SAB -
suggested various editorial changes and
raised some issues regarding the content
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of the proposed guidelines, which are.
discussed below. Based on these
recommendations, the Agency has
modified the draft guidelines.

1. Office of Science and Techaology
Policy Report on Chemical Carcinogens

Many commentors requested that the
final guidelines not be issued until alter

publication of the report of the Office of

Technology and Science Policy (OSTP)
on chemical carcinogens. They further
requested that this report be
incorporated into the final Gundehnes
for Carcinogen Risk Assessment.

The final OSTP report was published
in 1985 (50 FR 10372). In its

deliberations, the Agency reviewed the .

final OSTP report and feels that the
Agency's guidelines are consistent with
the principles established by the OSTP.
In its review, the SAB agreed that the
Agency quidelines are generally
consistent with the OSTP report. To
emphasize this consistency, the OSTP
principles have been incorporated into

the guidelines when controversial issues

are discussed.
11l Inference Guidelines

Many commentors felt that the
proposed guidelines did not provide a
sufficient distinction between scientific
fact and policy decisions. Others felt

~ that EPA should not attempt to propose
firm guidelines in the absence of '

scientific consensus. The SAB report
also indicated the need to “distinguish
recommendations based on scientific
evidence from lhose based on science
policy decisior.s.’ :

The Agency agrees with lhe

"recommendation that policy.

judgmental, or inferential decisions
should be clearly identified. In its
revision of the proposed guidelines, the
Agency has included phrases (e.g.. “'the
Agency takes the position that") to more
clearly distinguish policy decisions.
The Agency also recognizes the need
to establish procedures for action on
important issues in the absence of
complete scientific knowledge or
consensus. This need was
acknowledged in both the National

Academy of Sciences book entitled Risk

Management in the Federal

Government: Managing the Process and

the OSTP report on chemical

"carcinogens. As the NAS report states,
“Risk assessment is an analytic process

that is firmly based on scientific
considerations, but it also requires

. judgments to be made when the

available information is incomplete.
These judgments inevitably draw on
both scientific and policy :
considerations.”
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The judgments of the Agency have
been based on current available
scientific information and on the

combined experience of Agency experts.

These judgments, and the resulting
guidance, rely on inference; however,
the positions taken in these Inference
guidelines are felt to be reasonable and
scientifically defensible. While all of the
guidance is, to some degree, based on
inference the guidelines have attempted
to distinguish those issues that
depended more on judgment. In these
cases, the Agency has stated a position
but has also retained flexibility to
accommodate new data or specific
circumstances that demonstrate that the
proposed position {s inaccurate. The
Agency recognizes that scientific
opinion will be divided on these issues.
Knowledge about carcinogens and
carcinugenesis is progressing at a rapid
rate. While these guidelines are .
considered a best effort at the present
time, the Agency has attempted to
incorporate flexibility into the current
guidelines and also recommends that

~ the guidelines be revised as often as
-warranted by advances in the field.

IV. Evaluation of Benign Tumors

Several commentors discussed the
appropriate interpretation of an

" Increased incidence of benign tumors

alone or with an increased incidence of
malignant tumors as part of the :
evaluation of the carcinogenicity of an-
agent. Some comments were supportive
of the position in the proposed
guidelines, i.e., under certain
circumstances, the incidence of benign
and malignant tumors would be
combined, and an increased incidence
of benign tumors alone would be

considered an indication, albeit limited,
_of carcinogenic potential. Other

commentors raised concerns about the
criteria that would be used to decide
which tumors should be combined. Only
a few commentors felt that benign :
tumors should never be considered in
evaluating carcinogenic potential.

The Agency believes that current
information supports the use of benign
tumors. The guidelines have heen
modified to incorporate the language of
the OSTP report, i.e., benign tumn '3 will
be combined with malignant tumors
when scientifically defensible. This
position allows flexibility in evaluating
the data base for each agent. The
guidelines have also been modified to
indicate that, whenever benign and
malignant tumors have been combined,
and the agent is considered a candidate
for quantitative risk exirapolation, the
contribution of benign tumors to the
estimation of risk will be indicated.
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V. Transplacental and
Multigenerational Animal Bioassays

As one of jts two proposals for

additions to the guidelines, the SAB

recommended a discussion of
transplacental and multigenerational
animal bioassays for carcinogenicity.

The Agency agrees that such data,
when available, can provide useful
information in the evaluation of a
chemical's potential carcinogenicity and
has stated this in the final guidelines.
The Agency has also revised the
guidelines to indicate thai such studies
may provide additional information on
the metabolic and pharmacokinetic
properties of the chemical. More
guidance on the specific use of these
studies will be considered in future
revisions of these guidelines.

VI. Maximum Toleroted Dose

The proposed guidelines discussed the

implications of using a maximum
tolerated dose (MTD) in bioassays for
carcinogenicity. Many commentors
requested that EPA define MTD. The -
tone of the comments suggested that the
commentors were concerned about the

. uses and interpretations of high-dose

testing.

The Agency recognizes that
controversy currently surrounds these
issues. The appropriate text from the
OSTP report has been incorporated into
the final guidelines which suggests that
the conssquences of high-dose testing be
evaluated on a case-by-case basis.

VIl Mouse Liver Tumors

A large number of commentors
expresscd opinions about the -
assessment of bioassays in which the
only increase in tumor incidence was

liver tumors in the mouse. Many felt that -

mouse liver tumors were afforded too
much credence, especially given existing
information that indicates that they
might arise by a different mechanism,
e.g., tissue damage followed by
regeneration. Others felt that mouse
liver tumors were but one case of a high
background incidence of one particular
type of tumor and that all such tumors
should be treated in the same fashion.
The Agency I -s reviewed these

- comments and the OSTP principle

regarding this issue. The OSTP report
does not reach conclusions as to the
treatment of tumors with a high

. spontaneous background rate, but

states, as is now included in the text of
the guidelines, that these data require
special consideration. Although
questions have been raised regarding
the validity of mouse liver tumors in
ﬁmml. the Agency feels that mouse
ver tumors cannot be lgnored as an
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indicator of carcinogenicity. Thus, the
position in the proposed guldelines has
not been changed: an increased
incidence of only mouse liver tumors
will be regarded as “sufficient” evidence
of carcinogenicity if all other criteria,
e.g., replication and malignancy, are met
with the understanding that this
classification could be changed to
“limited"” if warranted. The factors that
may cause this re-evaluation are
indicated in the guidelines.

VIII. Weight-of-Evidence Categories

The Agency was praised by both the
public and the SAB for incorporating a
weight-of-evidence scheme into its
evaluation of carcinogenic risk. Certain
specific aspects of the scheme, however,
were criticized.

.1. Several commentors noted that

while the text of the proposed guidelines

clearly states that EPA will use all
available data in its categorization of
the weight of the evidence that a
chemical is a carcinogen, the
classification system in Part A, section
IV did not indicate the manner in which
EPA will use information other than
data from humans and long-term animal
studies in assigning a weight-of-
evidence classification. _
The Agency has added a discussion to
Part A, section IV.C. dsaling with the

- characterization of overall evidence for

human carcinogenicity. This discussion
clarifies EPA's use of supportive
information to adjust, as warranted, the

" designation that would have been made-

solely on the basis of human and long-
term animal studies.

2. The Agency agrees with the SAB
and those commentors who felt that a

~ simple classification of the weight of

evidence, e.g., a single letter or even a
descriptive title, is inadequate to
describe fully the weight of evidence for
each individual chemical. The final -
guidelines propose that a paragraph

. summarizing the data should .
accompany the numerical estimate and

weight-of-evidence classification
whenever possible.
3. Several commentors objected to the

, descriptive title E (No Evidence of

Carcinogenicity for Humans) because
they felt the ttle would be confusing to
people inexperienced with the

classification system. The title for Group

E. No Evidence of Carcinogenicity for
Humans, was thought by these
commentors to suggest the absence of
data. This group, however, Is intended

to be reserved for agents for which there

exists credible data demonstrating that
the agent is not carcinogenic.

Based on these comments and further
discussion, the Agency has changed the
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title of Group E to "Evidence of Non-
Carcinogenicity for Humans.”

4. Several commentors [elt that the
title for Group C, Possible Human -

- Carcinogen, was not sufficiently

distinctive from Group B, Probable

* Human Carcinogen. Other commentors

felt that those agents that minimally
qualified for Group C would lack
sufficient data for such a label.

The Agency recognizes that Group C
covers a range of chemicals and has
considered whether to subdivide Group
C. The consensus of the Agency's
Carcinogen Risk Assessment
Committee, however, is that the current
groups, which are based on the IARC
categories, are a reasonable .
stratification and should be retained at
present. The structure of the groups will
be reconsidered when the guidelines are
reviewed in the future. The Agency also
feels that the descriptive title it
originally selected best conveys the

‘meaning of the classification within the

context of EPA’s past and current

- activities.

5. Some commentors lndlcated a
concern about the distinction between
B1 and B2 on the basis of epidemiologic
evidence only. This issue has been

. under discussion in the Agency and may
be revised in future versions of the

guidelines.

6. Comments were also received about
the possibility of keeping the groups for
animal and human data separate -
without reaching a combined
classification. The Agency feels that a
combined classification is useful: thus,
the combined classification was
retained in the final guidelines.

The SAB suggested that a table be
added to Part A, section [V to indicate

-the manner in which human and animal

data would be combined to obtain an
overall weight-of-evidence category. The
Agency realizes that a table that would
present all permutations of potentially
available data would be complex and
possibly impossible to construct since
numerous combinations of ancillary
data (e.g., genetic toxicity, :
pharmacokinetics) could be used to
raise or lower the weight-of-evidence
classification. Nevertheless, the Agency
decided to include a table to illustrate
the most probable weight-of-evidence

. classification that would be assigned on
the basis of standard animal and human .

data without consideration of the
ancillary data. While it is hoped that
this table will clarify the weight-of-
evidence classifications, it is also

_important to recognize that an agent

may be assigned to a final
categorization different from the
category which would appear
appropriate from the table and still
conform to the guidelines.
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IX. Quantitative Estimates of Risk

The method for quantitative estimates
of carcinogenic risk in the proposed
guidelines received substantial

_ comments from the public. Five issues

were discussed by the Agency and have -_ assessment, but that judgments in this

resulted in modifications of the
guidelines.

1. The major criticism was the

perception that EPA would use only one

method for the extrapolation of
carcinogenic risk and would, therefore,
obtain one estimate of risk. Even
commentors who concur with the
procedure usually followed by EPA felt -
that some indication of the uncertainty
of the risk estimate should be included

- with the risk estimate.

The Agency feels that the proposed

guidelines were not intended to suggest
that EPA would perform quantitative
risk estimates in a rote or mechanical
fashion. As indicated by the OSTP
report and paraphrased in the prorosed
guidelines, no single mathematical
procedure has been determined to be
the most appropriate method for risk

_extrapolation. The final guidelines quote

rather than paraphrase the OSTP .
principle. The guidelines have been

- revised to stress the importance of
.considering all available data in the risk

assessment and now state, “The Agency
will review each assessment as to the
evidence on carcinogenic mechanisms
and other biological or statistical '
evidence that indicates the suitability of
a particular extrapolation model.” Two
issues are emphasized: First, the text
now indicates the potential for
pharmacokinetic information to

. contribute to the assessment of

carcinogenic risk. Second, the final
guidelines state that time-to-tumor risk
extrapolation models may be used when
longitudinal data on tumor development
are available.

2. A number of commentors noted that’

the proposed guidelines did not lndicate
how the uncertainties of risk
characterization would be presented.
The Agency has revised the proposed
guidelines to indicate that major
assumptions, scientific judgments, and,
to the extent possible, estimates of the
uncertainties embodied in the risk

- assessment will be presented along with

the estimation of risk.

3. The proposed guidelines n(ated that
the appropriateness of quantifying risks
for chemicals in Group C {Possible
Human Carcinogen), specifically those
agents that were on the boundary of
Groups C and D (Not Classifiable as to
Human Carcinogenicity), would be
judged on a case-by-case basis. Some

" commeators felt that quantitative risk

assessment should not be performed on

any agent in Group C.

Ta=ny ™ e ft40 2 4 em ra

Group C includes a wide range of
agents, including some for which there
are positive results in one species in one
good bioassay. Thus, the Agency feels

.that many agents in Group C will be

suitable for quantitative risk

regard will be made on a case- by-case
basis.

4. A few commentors felt that EPA
intended to perform quantitative risk
estimates on aggregate tumor incidence
While EPA will consider an increasc in
total aggregate tumors as suggestive of
potential carcinogenicity, EPA does not
generally intend to make quantitative
estimates of carcinogenic risk based on
total aggregate tumor incidence.

5. The proposed choice of body
surface area as an interspecies scaling
factor was criticized by several
commentors who felt that body weight
was also appropriate and that both
methods should be used. The OSTP
report recognizes that both scaling
factors are in common use. The Agency
feels that the choice of the body surface
area scaling factor can be justified from
the data on effects of drugs in various -
species. Thus, EPA will continue to use

" this scaling factor unless data on a

specific agent suggest that a different
scaling factor is justified. The
uncertainty engendered by choice of
scaling factor will be included in the
summary of uncertainties associated
with the assessment of risk mentioned
in point 1, above.

In the second of its two proposals for

- additions to the proposed guidelines, the

SAB suggested that a senasitivity -
analysis be included in EPA's
quantitative estimate of a chemical's
carcinogenic potency. The Agency -
agrees that an analysis of the
assumptions and uncertainties inherent
in an assessment of carcinogenic risk
must be accurately portrayed. Sections -
of the final guidelines that deal with this
issue have been strengthened to reflect
the concerns of the SAB and the

Agency. In particular, the last paragraph
of the guidelines states that "major
assumptions, scientific judgments, and,
to the extent possible, estimates of the
urcertainties embodied in the
assessment” should be presented in the
summary characterizing the risk. Since
the assumptions and uncertainties will
vary for each assessment, the Agency
feels that a formal requirement for a
particular type of sensitivity analysis

would be less useful than a case-by-case -

evaluation of the particular assumptions
‘and uncertainties most significant for a
perticular risk assesament.

~ {FR Doc. 86-19601 Filed 9-23-86; 8:45 am|)
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AcTion: Final Cuidelines for
Mutagezicity Risk Assessment.

SUMMARY: The U.S. Environmental
Protection Agency is today issuing five
guidelines for assessing the -health risks
of environmental pollutants.

Guidelines for Carcinogen Risk
Assessment . )

Guidelines for Estimating Exposures

Guidelines for Mutagenicity Risk
Assessment

Guidelines for the Health Assessment of
Suspect Developmental Toxicants

Guidelines for the Health Risk
Assessment of Chemical Mixtures -

This notice contains the Guidelines
for Mutagenicity Risk Assessment; the
other guidelines appear elsewhere in
today's Federal Register. .

The Guidelines for Mutagenicity Risk
Aasusessment (hereafter “Guidelines”) are
intended to guide Agency analysis of
mutagenicity data in line with the
policies and procedures. established in
the statutes administered by the EPA.
These Guidelines were developed as
part of an interoffice guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA) in .
the Agency's Office of Research and
Development. They reflect Agency
consideration of puhlic and Science

- Advisory Board (SAB) comments on the

Proposed Guidelines for Mutagenicity
Risk Assessment published November
23, 1984 (49 FR 46314). '

This publication completes the first
round of risk assessment guidelines
development. These Guidelines will be
revised, and new guidelines will be
developed, as appropriate.

grrecnive DATE: The Guidelines will be
effective September 24, 1988. '
FOR PURTHER INFORMATION CONTACT:
Dr. Lawrence R. Valcovic, Reproductive
Effects Assessment Group, Office of
Health and Environmental Assessment
(RD-889), U.S. Environmental Protection
Agency, 401 M Street, SW., Washington,
DC 20460, 202-382-7303.

. SUPPLEMENTARY mronunooc In 1883,

the National Academy of Sciences
(NAS) published its book entitled Risk
Assessment in the Federal Government:
Managing the Process. In that book, the
NAS recommended that Pederal
regulatory agencies establish “inference
guidelines” to ensure consistency and
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General

The guidelines published today are
products of a two-year Agencywide
effort, which has included many
scientists from the larger scientific
community. These guidelines set forth
principles and procedures to guide EPA
scientists in the conduct of Agency risk
assessments, and to inform Agency
decision makers and the public about
these procedures. In particular, the
guidelines emphasize that risk
assessments will be conducted on a
case-by-case basis, giving full
consideration to all relevant scientific
information. This case-by-case approach
means that Agency experts review the
scientific information on each agent and
use the most scientifically appropriate
interpretation to assess risk. The
guidelines also stress that this
information will be fully presented in
Agency risk assessment documents, and
that Agency scientists will identify the
strengths and weaknesses of each
assessment by deacribing uncertainties,
assumptions, and limitations, as well as
the scientific basis and rationale for
each assessment. :

Finally, the guidelines are formulated
in part to bridge gaps in risk assessment
methodology and data. By identifying
these gaps and the importance of the
missing information to the risk -

. assessment process, EPA wishes to

encourage research and analysis that
will lead to new risk assessment
methods and data.

Guidelines for Mutagenicity Risk
Assessment

Work on the Guidelines for
Mutagenicity Risk Assessment began In
January 1984. Draft guidelines were
developed by Agency work groups
composed of expert scientists from
throughout the Agency. The drafts were

~ peer-reviewed by expert scientists in the

field of genetic toxicology from

- universities, environmental groups,

industry, labor, and other governmental
agencies. They were then proposed for
public comment in the Foderal Regieter
(49 FR 48314). On November 9, 1984, the
Administrator directed that Agency .
offices use the proposed guidelines in
performing risk assessments until final
guidelines become available. -

After the close of the public comment
period, Agency staff prepared

. summaries of the comments, analyses of

FAn1 TNET (1Nt A 18 A

"
ENVIRONMENTAL PROTECTION ' technical quality In risk assessments the major issuee presented by thé
AGENCY ' and to ensure that the risk assessment commentors, and preliminary Agency
(FRL-2083-9] process was maintalne: as a scientific responses to those comments. These

uidet utagenicity effc:t separate from risk management. A analyses were presented to review -
W M Risk task force within EPA accepted that - panels of the SAB on March 4 and April
AQ U.S. Enviro I Protecti recommendation and requested that 22-23, 16885, and to the Executive
ENCY: FPA vironmental Protection A gency scientists begin to develop such  Committee of the SAB on April 25-26,
Agency (EPA). guidelines. 1985. The SAB meetings were

announced in the Federal Register as
follows: February 12, 1885 (50 FR 5811)
and April 4, 1885 (50 FR 13420 and
13421).

In a letter to the Administrator dated
June 18, 1985, the Executive Committee
generally concurred on all five of the
guidelines, but recommended certain
revisions, and requested that any
revised guidelines be submitted to the

appropriate SAB review panel chairman .

for review and concurrence on behalf of
the Executive Committee. As described
in the responses to comments {see Part
B: Response to the Public and Science
Advisory Board Comments), each
guidelines document was revised, where
appropriate, consistent with the SAB
recommendations, and revised draft
guidelines were submitted to the panel
chairmen. Revised draft Guidelines for

" Mutagenicity Risk Assessment were

concurred on in a letter dated
September 24, 1985. Copies of the letters
are available at the Public Information
Reference Unit, EPA Headquarters
Library, as indicated elsewhere in this
notice.

Following this Preamble are two parts:
" Part A contains the Guidelines and Part

B, the Response to the Public and

- Science Advisory Board Comments (a

summary of the major public comments,

" SAB comments, and Agency responses

to those comments).

" The Agency is continuing to study the

risk assessment [ssues raised in the
guidelines and will revise these

Guidelines in line with new information -

as appropriate.

References, supporting documents,
and comments received on the proposed
guidelines, as well as copies of the final
guidelines, are available for inspection
and copying at the Public Information
Reference Unit (202-382-6826), EPA

Headquarters Library, 401 M Street, SW,

Washington, DC, between the hours of
8:00 a.m. and 4:30 p.m.

I certify that these Guidelines are not
major rules as defined by Executive
Order 12291, because they are
nonbinding policy statements and have
no direct effect on the regulated
community. Therefore, they will have no

“effect on costs or prices, and they will

have no other significant adverse effects
on the economy. These Guidelines were
reviewed by the Office of Management
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and Budget under Executive Order -
12291.

Dated: August 22, 1968.
Lee M. Thomas,
Administrator.
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Part A: Guidelines for Mutagenicity Risk
Assessment

1. Introduction

This section describes the procedures
that the U.S. Environmental Protection
Agency will follow in evaluating the
potertial genetic risk associdted with
human exposure to chemicals. The
central purpose of the health risk
assessment is to provide a judgment

" concerning the weight of evidence that

an agent s a potential human mutagen,
capable of inducing transmitted genetic
changes, and, if 8o, to provide a
judgment on how great an impact this
agent is likely to have on public health.
Regulatory decision making involves
two components: risk assessment and
risk management. Risk assessment
estimates the potential adverse health
consequences of exposure to toxic

- chemicals; risk management combines

the risk assessment with the directives
of the enabling regulatory legislation—
together with socioeconomie, technical,
political, and other considerations—to
reach a decision as to whether or how
much to control future exposure to the
chemicals. The issue of risk
management will not be dealt with in
these Guidelines. :

Risk assessment is comprised of the
following components: hazard
identification, dose-response
assessment, exposure assessment, and

- risk charactorization (1). Hazard

identification is the qualitative risk
assessment, dealing with the inherent
toxicity of a chemical substance. The
qualitative mutagenicity assessment

$-074999  0017(00)(22-SEP-86-17:03:00)

answers the question of how likely an
agent is to be a human mutagen. The
three remaining components comprise
quantitative risk assessment, «hich
provides a numerical estimate of the
public health consequences of exposure
to an agent. The quantitative .
mutagenicity risk assessment deals with
the question of how much mutational
damage is likely to be produced by
exposure to a given agent under
particular exposure scenarios.

In a dose-response assessment, the
relationship between the dose of a
chemical and the probability of
induction of an adverse effect is defined.
The component generally entails an
extrapolation from the high doses
administered to experimental animals or
r.oted in some epidemiologic studies to
the low exposure levels expected from
human contact with the chemical in the
environment.

The exposure assessment identifies
populations exposed to toxic chemicals,
describes their composition and size,
and presents the types, magnitudes,

frequencies, and durations of exposure

to the chemicals. This component is
developed independently of the other
components of the mutagenicity
assessment and is addressed in separate
Agency guidelines (2).

. In risk characterization, the outputs of
the exposure assessment and the dose-
response assessment are combined to
estimate quantitatively the mutation

‘risk, which is expressed as either

estimated Increase of genetic disease
per generation or per lifetime, or the
fractional increase in the assumed
background mutation rate of humans. In
each step of the assessment, the
strengths and weaknesses of the major
assumptions need to be presented, and -
the nature and magnritude of
uncertainties need to be characterized.
The procedures set forth in these
Guidelines will ens.re consistency in
the Agency’s scientific risk assessments

for mutagenic effects. The necessity for

a consistent approach to the evaluation

. "mutagenic risk from chemical
substances arises from the authority
conferred upon the Agency by a number
of statutes to regulate potential
mutagens. As appropriate, these
Guidelines will apply to statutes
administered by the Agency, including
the Federal Insecticide, Fungicide, and
Rodenticide Act; the Toxic Substances
Control Act; the Clean Air Act; the
Federal Water Pollution Control Act; the
Safe Drinking Water Act; the Resource
Conservation and Recovery Act; and the
Comprehensive Environmental
Response, Compensation, and Liability
Act. Becauss each statute is .
administered by separate offices, a
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consistent Agency-wide approach for
performing risk assessments is
desirable.

The mutagenicity risk assessments
prepared pursuant to these Guidelines
will be utilized with the requirements
and constraints of the applicable
statutes to arrive at regulatory decisions
concerning mutagenicity. The standards
of the applicable statutes and ‘
regulations may dictate that additional
considerations (e.g., the economic and
soclal benefits associated with use of
the chemical substance)} will come into
play in reaching appropriate regulatory
decisions.

The Agency has not attempted to
provide in the Guidelines a detailad
discussion of the mechanisms of
mutagenicity or of the various test
systems that are currently in use to
detect mutagenic potential. Background
information on mutagenesis and
mutagenicity test systems is available in
“Identifying and Estimating the Genetic
Impact of Chemical Mutagens", National
Academy of Sciences (NAS) Committee
on Chemical Environmental Mutagens
(3). as well as in other recent
publications {4, 5). '

The Agency is concerned with the risk
associated with both germ-cell
mutations and somatic-cell mutations.
Mutations carried in germ cells may be
inherited by future generations and may
contribute to genetic disease, whereas
mutations occurring in somatic cells
may be implicated in the etiology of
several disease states, including cancer.
These Guidelines, however, are only
concerned with genetic damage as it
relates to germ-cell mutations. The use

.of mutagenicity test results in the

assessment of carcinogenic risk is
described in the Guidelines for
Carcinogen Risk Assesement (8).

As a result of the progress in the
control of infectious diseases, increases
in average human life span, and better
procedures for identifying genetic
disorders, a considerable heritable

- genetic disease burden has been ,
recognized in the human population. It is

estimated that at least 10% of all human
disease is related to specific genetic
abnormalities, such as abnormal ‘
composition, arrangenient, or dosage nf
genes and chromosomes (3, 7, 8). Sucth:
genetic abnormalities can lead to
structural or functional health :
impairments. These conditions may be
expressed /n utero; at the time of birth;
or during infancy, childhood,

-adolescence, or adult life; they may be

chronic or acute in nature. As a result,

. they often have a severe impact upon

the affected individuals and their :
families in terms of physical and mental
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suffering and economic losses, and upon
society in general, which often becomes
responsible for institutional care of
severely allected individuals. Some
examples of genetic disorders are Down
and Klinefelter syndromes, cystic

' fibrosis, hemophilia, sickle-cell anemia,

and achondroplastic dwarfism. Other
commonly recognized conditions that
are likely to have a genetic component

. include hypercholesterolemia,

hypertension, pyloric stenosis,
glaucoma, allergies, several types of
cancer, and mental retardation. These
disorcers are only a few of the
thousands that are at least partially
genetically determined (9).

Estimation of the fraction of human
genetic disorders thal result from new
mutations is difficult, although in certain
specific cases insights are available (10).
It is clear that recurring mutat’sn is
important in determining the incidence
of certain genetic disorders, such as
some chromosomal aberration
syndromes (e.g., Down syndrome) and
rare dominant and X-linked recessive
diseases (e.g., achondroplasia and
hemophilia A). For other single-factor
disorders (e.g., sickle-cell anemia) and
certain multifactorial disorders (e.g., -
pyloric stenosis), the contribution of
new mutations to disease frequency is
probably small. However, it is generally
recognized that most newly-arising
mutations that are phenotypically
expressed are in some ways deleterious
to the organism receiving them (3, 7, 8).
Adverse effects may be manifested at
the biochemical, cellular, or
physiological levels of organization.
Although mutations are the building
blocks for further evolutionary change of
species, it is believed that increases in
the mutation rate could lead to an
increased frequency of expressed
genetic disorders in the first and
subsequent generations.

Life in our technological society
results in exposure to many natural and
synthetic chemicals. Some have been
shown to have mutagenic activity in
mammalian and submammalian test
systems, and thus may have the
potential to increase genetic damage in
the human population. Chemicals
exhibiting mutagenic activity in various
test systems have been found
distributed among foods, tobacco, drugs,
food additives, cosmetics, industrial
compounds, pesticides, and consumer
products. The extent to which exposure
to natural and synthetic environmental
agents may have increased tha
frequency of genetic disorders in the
present human tKupulntiou and
contributed to the mutational “load”
that will be transmitted to future

S-074999 0018(00X22-SEP-86-17:03:03)

generations is unknown at this time.
However, for the reasons cited above, it
seems prudent to limit exposures to
potential human mutagens.

A. Concepts Relating to Heritable
Mutagenic Risk

These Guidelines are concerned with
chemical substances or mixtures of
substances that can induce alterations
in the genome of either somatic or
germinal cells. The mutagenicity of
physical agents (e.g., radiation) is not
addressed here. There are several
mutagenic end points of concemn to the
Agency. These include point mutations
(i.e., submicroscopic changes in the base
sequence of DNA) and structural or
numerical chromosome aberrations.
Structural at:errations include
deficiencies, duplications, insertions,
inversions, and translocations, whereas
numerical aberrations are gains or
losses of whole chromosomes (e.g.,
trisomy, monosomy) or sets of
chromosomes (haploidy, polyploidy).

Certain mutagens, such as alkylating
agents, can directly induce alterations in

" the DNA. Mutagenic effects may also
. come about through mechanisms other

than chemical alterations of DNA.
Among these are interference with
normal DNA synthesis (as caused by
some metal mutagens), interference with
DNA repair, abnormal DNA
methylation, abnormal nuclear division -
processes, or lesions in non-DNA targets

{e.g.. protamine, tubulin).

Evidence that an agent induces
heritable mutations in human beings
could be derived from epidemiologic
data indicating a strong association
between chemical exposure and
heritable effects. It is difficult to obtain
such data because any specific mutation

is a rare event, and only a small fraction

of the estimated thousands of human
genes and conditions are currently
useful as markers in estimating mutation
rates. Human genetic variability, small
numbers of offspring per individual, and
long generation times further complicate
such studies. In addition, only disorders
caused by dominant mutations, some
sex-linked recessive mutations, and
certain chromosome aberrations can be

" detected in the first generation after

their occurrence. Conditions caused by
autosomal recessive disorders (which
appear to occur more frequently than
dominant disorders) or by polygenic
traits may go unrecognized for many
generations. Therefore, in the absence of
human epidemiological data, it is
appropriate to rely on data from
experimental animal systems as long as

. the limitations of using surrogate and

model systems are clearly stated.
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Despite species dilferences in
metabolism, DNA repair, and other
physiological processes affecting
chemical mutagenesis, the virtual
universality of DNA as the genetic
material and of the genetic code
provides a rationale for using various
nonhuman test systems to predict the
intrinsic mutagenicity of test chemicals.
Additional support for the use of
nonhuman systems is provided by the
observation that chemicals causing
genetic effects in one species or test
system frequently cause similar effects
in other species or systems. Evidence
also exists that chemicals can induce
genetic damage in somatic cells of
exposed humans. For example, high
doses of mutagenic chemotherapeutic
agents have been shown to cause
chromosomal abnormalities (11}, sister
chromatic exchange (11), and, quite
probably, point mutations in human
lymphocytes exposed in vivo (12). While
these results are not in germ cells, they
do indicate that it is possible to induce
mutagenic events in human cells in vivo.
Furthermore, a wide variety of different
types of mutations have been observed -
in humans including numerical
chromosome aberrations, trenslocations,
base-pair substitutions, and frameshif,
mutations. Although the cause of these
mutations is uncertain, it is clear from '
these observations that the human germ- -
cell DNA is subject to the same types of
mutational events that are observed in
uther species and test systems.

Certain test systems offer notable
advantages: cost; anatomical,
histological, and/or metabolic

- similarities to humans; suitability for

handling large numbers of test
organisms; a large data. base; or a basis -
for characterizing genetic events.

B. Test Systems

Many test systems are currently
available that can contribute
information about the mutagenic
potential of a test compound with
respect to various genetic end points.
These tests have recently been
evaluated through the EPA Gene-Tox
Programs and the results of Phase | have
been published (5). The Agency's Office

" of Pesticides and Toxic Substances has

published various testing guidelines for’
the detection of mutagenic effects (13,
14).
Test systems for detecting point
mutations include those in bacteria,
eukaryotic microorganiams, higher
plants, insects, mammalian somatic cells
in culture, and germinal cells of intact
mammals. Data from heritable,
mammalian germ-cell tests provide the
best experimental evidence that @
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chemical is a potential human germ-cell
mutagen since these tests require that
mutations occur in germinal cells and
that they an? transmitted to the next
generation. To duiz2, the most -
extensively used test for the induction of
heritable mutation is the mouse specific-
locus test which measures the induction
of recessive mutations at seven loci
concerned with coat color and ear
morphology. While this test has a large
data base compared to other germ-cell
assays, it is difficult to extrapolate
results to humans since recessive
mutations may occur more frequently
than dominants, and the impact of
recessive mutations is not seen for many
generations. Information on frequencies
of induced mutations resulting in health

" disorders in the first generation may be

obtained from mouse systems designed
to detect skeletal abnormalities,
cataracts, or general morphological
abnormalities. However, these £ssays
have been used to a relatively limited
extent, und there is a need for additional
studies with known, chemical germ-cell
mutagens to further characterize the test
systems. Because large numbers of
offspring must usually be generated in
the systems described above, it is not
expected that many chemicals will be
tested using these systems. To obtain
data on a large number of
environmental chemicals, it will be
necessary to rely on other tests to
identify and characterize hazards from
gene mutations.

Test systems for detecting structural
chromosome aberrations have been
developed in a variety of organisms
including higher plants, insects, fish,
birds, and severs] mammalian species.

- Many of these assays can be performed

in vitro or in vivo, and in either germ or
somatic cells. Procedures available for
detecting structural chromosome
aberrations in mammalian germ cells
include measurement of heritable
translocations or dominant lethality, as
well as direct cytogenetic analyses of .
germ cells and early embryos in rodents.
Some chemicals may cause numerical
chromosome changes (i.e., aneuploidy)
as thelr sole mutagenic effect. These
agents may not be detected as mutagens

"if evaluated only in tests for DNA .

damage, gene mutations, or chromosome
breakage and rearrangement. Therefore,
it is important to consider tests for

" changes in chromosome number in the
- total assessment of mutagenic hazards.

Although tests for the detection of
variation in the chromosome number are
still at an early stage of development,

‘systems exist in such diverse organisms

as fungi, Drosophila, mammalian cells in
culture, and intact mammals (e.g.. mouse
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X-chromosome loss assay). Aneuploidy
can arise from disturbances in a number
of events affecting the mejotic process
(15. 18). Although the mechanisms by
which nondisjunction occurs are not
well understood, mitotic structures other
than DNA may be the target molecules
for at least some mechanisms of induced
nondisjunction.

Other end points that provide
information bearing on the mutagenicity
of a chemical can be detected by a
variety of test systems. Such tests
measure DNA damage in eukaryotic or
prokaryotic cells, unscheduled DNA
synthesis in mammalian somatic and
germ cells, mitotic recombination and
gene conversion in yeast, and sister-
chromatid exchange in mammalian
somatic and germ cells. Results ir. these

- assays are useful because the incluction
“of these end points often correlai «

positively with the petential of a
chemical to induce mutations.

In general, for all Hiree o1d points (i.e.,
point mutations and numerical and
structural aberrations), the Agency will
place greater weight on tests conducted
in germ cells than in somatic cells, on
tests performed in vivo rather than in
vitro, in eukaryotes rather than

- prokaryotes, and in mammalian species

rather than in submammalian species.

" Formal numerical weighting systems

have been developed (17); however, the
Agency has concluded that these do not

readily accommodate such variables as

dose range, route of exposure, and
magnitude of response.

The Agency anticipates that from time
to time somatic cell data from
chemically exposed human beings will
be available (e.g., cytogenetic markers in

- peripheral lymphocytes). When

possible, the Agency will use such data

. in conjunction with somatic and germ

cell comparisons from in vivo
mammalian experimental systems as &
component in performing risk

~ assessmen ts.

The test systems mentioned
previously are not the only ones that
will provide evidence of mutagenicity or
related DNA effects. These systems are
enumerated merely to demonstrate the
breadth of the available techniques for
characterizing mutagenic hazards, and
to indicate the types of data that the
Agency will consider in its evaluation of
mutagenic potential of a chemical agent.
Most systems po<sess certain
limitations %4t must be taken into
account. The selection and performance
of appropriate tests for evaluating the
risks associated with human expusure to
any suspected mutagen will depend on
sound scientific judgment and
experience, and may necessitate
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consultation with geneticists familiar

‘with the sensitivity and experimental
- design of the test system in question. In

view of e rapid advances in test
methodology. the Agency expects that
both the number and quality of the tools
for assessing genetic risk to human
beings will increase with time. The -

- Agency will closely monitor

developments in mutagenicity
evaluation and will refine its risk
assessment scheme as better test
systems become available.

Il Qualitative Assessment (Huzard

- Identification)

The assessment of potential human
germ-cell mutagenic risk is a multistep

. process. The first step is an analysis of

the evidence bearing on a chemical's
ability to induce mutageric events,
while the second step involves an
analysis of its ability to produce these
events in the mammalian gonad. All
relevant information is then integrated

into a weight-of-evidence scheme which

presents the strength of the information
bearing on the chemical’s potential
ability to produce mutations in human
germ cells. For chemicals demonstrating
this potential, one may decide to
proceed with an evaluation of the
quantitative consequences of mutation
following expected human exposure.

For bazard identification, it is clearly
desirable to have data from mammalian
germ-cell tests, sucn as the mouse
specific-locus test for point mutations
and the heritable translocation or germ-
cell cytogenetic tests for structural
chromosome aberrations. It is
recognized, however, that in most
instances such data will not be
available, and alternative means of
evaluation will be required. In such
cases the Agency will evaluate the
evidence bearing on the agent's
mutagenic activity and the agent's
ability to interact with or affect the
mammalian gonadal target. When
evidence exists that an agent possesses
both these attributes, it is reasonable to
deduce that the agent is a potential
human germ-cell mutagen.

While mammalian germ-cell assays
are presently primarily performed on
male animals, a chemical cannot be
considered lo be a non-mutagen for
mammalian germ cells unless it is
shown to be negative in both sexes.
Furthermore, because most mammalian
germ-cell assays are performed in mice,
it is noteworthy that the data from
fonizing radiation suggest that the
female mouse immature oocyte may not
be an appropriate surrogate for the same
stage in the human female in
mutagenicity testing. However,
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mulagenic:’y dota on the maturing and
mature oocy: s of thi: mouse may provide
a useful mode! for } uman risk
-assessmen’.

A. Mutagenic Activity

In evaluating chemicals for mutagenic |

" activity, a number of factors will be

considered: (1) genetic end points (e.g.,
gene mutations, structural or numerical
chromosomal aberrations) detected by
the test systems, (2) sensitivity and
predictive value of the test systems for
various classes of chemical compounds,
(3} number of different test systems used
for detecting each genetic. end point, (4)
consistency of the results obtained in’
different test systems and different
species, (5) aspects of the dose-response
relationship, and (&} whether the tests
are conducted. in accordance with
appropriate test protocols agreed upon
by experts in the field. - '
B. Chemical Interactions in the
Mammalian Gonad

Evidence for chemical interaction in

different types of findings. Each
chemical under consideration needs to
be extensively reviewed since this type
of evidence may be part of testing
exclusive of mutagenicity per se (e.g.,
reproduction, metabolism, and
mechanistic investigations). Although it
is not possible to classify clez.ly each
type of information that maj be
available on a chemical, twc possible
groups are illustrated.

.1. Sufficient evidence of chemical
interaction Is given by the
demonstration that an agent interacts
with germ-cell DNA or other chromatin
constituents, or that it.induces such end
points as unscheduled DNA synthesis,
sister-chromatid exchange, or
ch;‘lomooomal abberations in germinal
cells. : :

2. Suggestive evidence will include the
finding of adverse gonadal effects such
as sperm abnomnalities following acute,
subchronic, or chronic toxicity testing, .
or findings of adverse reproductive

. effects such as decreased fertility, which

are consistent with the chemical's
interaction with germ cells.

- C. Weight-of-Evidence Determination

“The evidence for a chemical's ability
to produce mutations and to inieract
with the germinal target are integrated
into a weight-of-evidence judgment that
the agent mey pose a hazard asa - .
potential human germ-cell mutagen. All
information bearing on the subject,
whether indicative of potential concern
or not, must be evaluated. Whetever
evidence may exist from bumana must’

_ also be factored into the assessment.
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All germ-cell stages are imp ortant in
evaluating chemicals because some
chemicals have been shown to be
positive in postgonial stages but not in
gonia (18). When human exposures
accur, effects on postgonial stages
should be weighted by the relative
sensitivity and the durstion of the
stages. Cher.2als may show positive
effects fot e« me end points anc. in some
test systems, Jut negative resonses in

.others. Each review must take into

account the limitations in the testing and
in the typer of responses that may exist.
To provide guidance as to the

_categorizs.tion of the weight of evidence,

a classification scheme is presentzd tu -
llustrat., ‘n a simplified sense, the
strength ¢ { the information bearing on
the poter.tial f. - human germ-cell
mutageaicity. 1. is not rossible to
illustrate all potential combinations of

_ evidence, and considerable judgment

must be exercised in reaching
conclusions. In addition, certain
responses in tests that do not measure

" direct mutagenic end points (e.g., SCE
" induction in mammalian germ cells) may

provide a basis for raising the weight of
evidence from one category to another.
The categories are presented in
decreasing order of stre of evidence.

1. Positive daia derived from human
germ-cell mutagenicity studies, when
available, will constitute the highest
level of evidence for human
mutagenicity.

2. Valid positive results from studies
on heritable mutational events (of any
kind) in mammalian garm cells.

3. Valid positive results from
mammalian germ-cell chromosome
aberration studies that do not include an
intergencration test. :

4. Sufficient evidence for a chemical’s
interaction with mammalian germ cells,
together with valid positive

mutagenicity test results from two assay

systems, at least one of which is
mammalian (in vitro or in vivo). The

- positive results may both be for gene

mutations or both for chromosome
aberrations; if one is for gene mutations
and the other for chromosome
aberrations, Yoth must be from
mammalian systems.

5.8 tive evidence fora

_chemical’s interaction with mammalian

germ cells, together with valid positive
mutagenicity evidence from two assay
systems as described under ¢, above.
Alternatively, positive mutagenicity

- evidence of less strength than defined

under 4, above, when combined with

" sufficient evidence for a chemical's

interaction with mammalian germ cells.
6. Positive mutagenicity test results of
less strength than defined under 4,

combined with suggestive evidence for &
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chemical's interaction with mammalien g
germ cells.
7. Although definitive proof of non-
mutagenicity is not possible, a.chemical

could be classified operationally as a
non-mutagen for human germ cells, {f it
gives valid negative test results for a}l
end points of conzern.

8. Inadequate evidence bearing on
either mutagenicity or chemical )
interaction with raammalian germ cells.

IIl. Quantitative Assessment

The preceding ncction addressed
primarily the processes of hazard
identification, l.e., the determination of
whether a substaace is a potential germ-
cell mutagen. Oftsn, no further data will -
be available, and judgments will need to
be based mainly on qualitative criteria. -
Quantitative risk 1ssessment is a two-
step process: deta mination of the
heritable effect per unit of exposure

" (dose-response) and the relationship

between mutation rate and disease
incidence. The prosedures that are

_presently accepted for the estimation of
" an increase in disease resulting from
. increased mutation have been described

(3, 7. 8). Dose-response information is
combined with ant.cipated levels and
patterns of human exposure in order to
derive a quantitative assessment (risk -
characterization).

A.Dose Response

Dose-response aijsessments can
presently only be performed using data
from in vivo, heritable mammalian
germ-cell tests, until such time as other
approaches can be demonstrated to
have equivalent predictability. The
morphological specific locus and
biochemical specific Jocus assays can
provide data on the irequencies of .
recessive mutations induced by different
chemical exposure levels, and similar
data can be obtained for heritable
chromosomal damage using the
heritable translocation test. Data on the
frequencies of induced mutations

. resulting in health disonlers in the first

generation may be obtained from mouse

‘systems designed to detect skeletal
. abnormalities, cataracts, cr general

morphological abnormalities. Assays

" that directly detect heritabls health

effects In the firet generation may
provide the best basis for predicting
human health risks that result from
mutagen exposure. The experimental

. .data on induced mutation frequency are

usually obtained at exposure levels
much higher than those that will be

-experienced by human beings. An

assessment of human risk is obtained by

_ extrapolating the induced mutation

frequency or the observed phenotypic
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effect downward to the approximate
level of anticipated human exposure. In
performing these extrapolations, the
Agency will place greater weight on
data derived from exposures and
exposure rates that most closely
simulate those experienced by the
human population under study.

The Agency will strive to use the most
appropriate extrapolation models for
risk analysis and will be guided by the
available data and mechanistic
considerations in this selection.
However, it is anticipated that for tests
involving germ cells of whole mammals,
few dose points will be available to
define dose-response functions. The
Agency is aware thal for at least one
chemical that has been tested for
mutations in mammalian germ cells,
there exist departures from linearity at
low exposure and exposure rates in a
fashion similar to that seen for ionizing
radiation that has a low linear energy
transfer (19). The Agency will consider
all relevant models for gene and
chromosomal mutations in performing

low-dose extrapolations and will choose

the most appropriate model. This choice
will be consistent both with the
experimental data available and with
current knowledge of relevant
mutational mechanisms.

An experimental approach for

. quantitative assessment of genetic risk,

which may have utility in the future,
uses molecular dosimetry data from
intact mammals in conjunction with
mutagenicity and dosimetry data from
other validated test systems (20). The -
intact mammal is used primarily for
relating the exposure level for a given
route of administration of a chemical to
germ-cell dose. i.e., the level of mutagen-
DNA interactions. This information is
then used in conjunction with results
obtained from mutagenicity test systems
in which the relationship between the
induction of mutations and chemical

~ interactions with DNA can be derived.

With mutagen-DNA interactions as the
common denominator, a relationship
can be constructed between mammalian
exposure and the induced mutation
frequency. The amount of DNA binding
induced by a particular chemical agent
may often be determined st levels of
snticipated human exposure.

For some mutagenic events, DNA may
not necessarily be the critical target.
Interaction of chemicals with other
macromolecules, such as tubulin, which
is involved in the separation of

‘chromosomes during nuclear division,

can lead to chromosomal
nondisjunction. At present, general
approaches are not available for dose-
response assessments for these types of

$-M4999 - - 0021(01(22-SEP-86-17:05:18).

mutations. Ongoing research should
provide the means to make future
assessments on chemicals causi:.g
aneuploidy. .

B. Exposure Assessment

The exposure assessment identifies
populations exposed to toxic chemicals;
describes their composition and size:
and presents the types, magnitudes,
frequencies, and durations of exposure
to the chemicals. This component is
developed independently of the other

‘components of the mutagenicity

assessment (2).
C. Risk Characterization

In performing mutagenicity risk
assessments, it is important to consider
each genetic end point individually. For
example, although certain chemical
substances that interact with DNA may
cause both point and chromosomal
mutations, it is expected that the ratio of
these events may differ among
chemicals and between doses for a

' given chemical. Furthermore,

transmissible chromosomal aberrations
are recoverable with higher frequencies
from meiotic and postmeiotic germ-cell
stages, which have a brief life span, than
in spermatogonial stem rells, which can
accumulate genetic damage throughout
the reproductive life of an individual.
For these reasons, when data are
available, the Agency, to the best extent
possible, will assess risks sssociated
with all genetic end points. -

Any risk assessment should clearly
delineate the strengths and weaknesses
of the data, the assumptions made, the
uncertainties in the methodology. and
the rationale used in reaching the
conclusions, e.g.. similar or different
routes of exposure and metabolic
differences between humans and test
animals. When possible, quantitative
risk assessments should be axpressed in
terms of the estimated increaae of
genetic disease per generation, or the
fractional increase in the assumed
background spontaneous mutation rate
of humans (7). Examples of quantitative
risk estimates have been published (7, 8,
21): these examples may be of use in
performing quantitative risk
assessments for mutagens.
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This section summarizes some of the
issues raised in public and Science
Advisory Board {(SAB) comments on the
Proposed Guidelines for Mutagenicity
Risk Assessment published on
Noveniber 23, 1084 (49 FR 46314). Unlike
the other guidelines published on the
same date, the Proposed Guidelines for
Mutagenicity Risk Assessment ,
contained a detailed section dealing
with public comments received in

response to the original proposal of 1980 .

(45 FR 74964). Several of the comments
received in response to the proposed
guidelines of 1884 were similar to those
received in response lo the proposed
guidelines of 19680. Those comments are
not addressed here because the position
of the Agency on thoss issues has been
presented in the responses included
with the 1884 proposed guidelines (46 FR
406315-463106).

A total of 44 comments were received

in response to the proposed guidelines
of 1964: 21 from manufacturers of
regulated products, 10 from associations,
9 from government agencies, 2 from
educational institutions, 1 from an
individual, and 1 from a private

consulting firm. The proposed guidelines

and the public comments received were
transmitted to the Agency's SAB prior to
its public review of the proposed
guidelines heid April 22-23, 1985. The
majority of the comments were
favorable and expressed the opinion
that the proposed guidelines accurately

P47 FMT..[1R.20]..4-15-88

reprosent the existing state of
knowledge in the field of mutagenesis.
Several commentors offered suggestions
for further clarification of particular
issues, and many of the suggestions
have been incorporated.

The two areas that recelved the most
substantive comments were the segtions
concerning Weight-of-Evidencs
Determination and Dose Response. The
comments on the proposed weight-of-
evidence scheme ranged from
suggestions for the elimination of a
formal scheme to the expansion of the
scheme to cover more potential data
configurations. The SAB recommended
an eight-level rank ordering scheme to
define levels of evidence relating to
human germ-cell mutagenicity. The
Agency has incorporated this scheme
into the Guidelines. Some commentors
and the SAB suggested that the
molecular dosimetry approach to dose-
response data be presented as a concept .
that may be useful in the future rather
than being available for use now. The
Agency agrees thal the data base at the
present time Is too sparse to recommend
a general application of this approach to

.a wide range of chemical classes, and

the Guidelines have been changed to
reflect this. It should be noted, however,
that the Agency strongly supports the
development of molecular dosimetry
methodologies as they relate to both an
understanding of dose-response
relationships and to methods for
studying human exposure. A number of

- comments suggesting clarifications and

editorial changes have been
incorporated and t}. - veferences have
been expanded. '

[FR Doc. 86-19002 Filed 9-23-86& 84S am|
SRLING CODE $900-00-18 '




DOCUMENT SEPARATION PAGE




at—

]

]

S——

] —
— anng
—— —
— m—
S —————
———————C——
t —S——————
S ————————
T —— e ————————
SYee—————
[ Jn— ——
St om— . —
S — c——
S m——  t—
Sm—— a——
—— e
Svv———— ~—
e - —
— 3 —
— a—— —
—— — —
—— — S
— — _aw—
A ———————————
S —————EE G
S — ——————
R S ———— .
——e—— .
e ————————
o ———
— T — —1

{

iy
|
il

il

|
I“"Im

iiiiﬁi

Wednesday
September 24, 1986

— —
— _—..
e

——
T

m—— -—

———— -—

— —e— e —1
&= — ——— -
[ — Ew— —
3 o ——— f—
S ———  Ga— —
C——  —— m—

—
P
—— T W
~—c— ey
v .. —
I N
S—— E——
o\
————n  Sa——

A——— ~— R
— e —

—— — —

— ——— 1
- o—— o—

o— — ]

A ——

1 =
— —
e ———1

O —
et —————————

[

1]

1§

= = =
E 2 =
e
— e
= Ve
——] -
= =
——
p——————
e ———
e i — —
——— =,
e ==
= = =
= =E =
. —
e ——
A ————
—_————
e ——— w5

‘illﬂf

'1“‘

jiiy

{

P gyl
Smpummnail e,
SEC————  GE——
%
——————
e ]
—— —
-—ey @ e ]
= = —
— R =
S —
e e———
f———————

e —————————

— —————"

-

e

F— e}

e ]

]

e e ————err———i ]

—— ]

]

]

i

i

lml_ll

Part IV .

Envirohmental
Protection Agency

Guidelines for the Heal!th Risk
Assessment of Chemical Mixtures




N

34014 Federal Register / Vol. 51, No. 185 / Wednesday, September 24, 1888 / Notices
ENVIRONMENTAL PROTE , Managing the Process. In that book, the  proposed guidelines in performing risk
AGENCY : NAS recommended that Federal assessments until final guidelines
regulatory agencies establish “inference  become available.
{FRL-2084-2) _ guldelinelc" tol ensure c:nalstency and After the close of the public comment
Guic technical quality in risk assessments period. Agency staff prepared
M’gm g:km and to ensure that the risk assessment summaries of the comments, analyses of
i process was maintained as a scientific the maior issues pre.ented by the
AQEwCY: U.S. Environmental Protection-  ¢ffort separate from risk management. A commentors, and preliminary Agency -
Agency (EPA). task force within EPA accepted that responses to those comments. These

Achow: Final Guidelines for the Health
Risk Assessment of Chemical Mixtures.

suMuIARY: The U.S. Environmental

Protection Agency is today issuing five

guidelines for assessing the health risks
of environmental pollutants. These are:

Guidelines for Carcinogen Risk
Assessment

" Guidelines for Estimating Exposures

Guidelines for Mutagenicity Risk
Assessment

Guidelines for the Health Assessment of
Suspect Developmental Toxicants

Guidelines for the Health Risk
Assessment of Chemical Mixtures

This notice contains the Guidelines

‘for the Health Risk Assessment of

Chemical Mixtures; the other guidelines
appear elsewhere in today’s Federal

Register. _

The Guidelines for the Health Risk
Assessment of Chemical Mixtures
(hereafter “Guidelines") are intended to
guide Agency analysis of information
relating to health effects data on
chemical mixtures in line with the
policies and procedures established in
the statutes administered by the EPA. .
These Guidelines were developed as -

“pert of an interoffice guidelines -

development program under the
auspices of the Office of Heslth and
Environmental Assessment (OHEA) in
the Agency's Office of Research and
Development. They reflect Agency
consideration of public and Science
Advisory Board (SAB) comments on the
Proposed Guidelines for the Health Risk
Assessment of Chemical Mixtures
published January 8, 1885 (50 FR 1170).
This publication completes the first
round of risk assessment guidelines
development. These Guidelines will be
revised, and new guidelines will be
developed, as appropriate.
EPFECTIVR DATE: The Guidelines will be
effective September 24, 1066.
FOR PURTHER INFORMATION CONTACT:
Dr. Richard Hertzberg, Methods
Evaluation and Development Staff,
Environmental Criteria and Assessment
Office, U.S. Environmental Protection
Agency, 28 W, St. Clair Street,
Cincinnati, OH 45288, 513-560-7382.
SUPPLEMENTARY IPORMATION: In 1883,
the National Academy of Sciences
(NAS) published its book entitled Risk
Assessment in the Federal Government:

S-074999  OM4(O01X22-SEP-86-1705:26)

recommendation and requested that
Agency scientists begin to develop such
guidelines.

General
The guidelines published today are

" products of a two-year Agencywide

effort, which has included many
scientists from the larger scientific

- community. These guidelines set forth

princizles and procedures to guide EPA

- scientists in the conduct of Agency risk

assessments, and to inform Agency
decision makers and the pubiic about
these procedures. In particular, the
guidelines emphasize that risk '
assessments will be conducted on a
case-by-case basis, giving full .
consideration to all relevant scientific
information. This case-by-case approach
_ means that Agency experts review the
scientific information on each agent and
use the most scientifically appropriate
interpretation to assess risk. The
‘guidelines also stress that this
information will be fully presented in
Agency risk assessment documents, and
that Agency scientists will identify the
strengths and weaknesses of each

assessment by describing uncertainties, -

assumptions, and limitations, as well as
the scientific basis and rationale for
each assessment.

Finally, the guidelines are formulated
in part to bridge gaps in risk assessment
methodology and data. By identifying
these gaps and the importance of the

" missing information to the risk

assessment process, EPA wishes to
encourage research and analyais that
will lead to new risk assessment

" methods and data. :

Guidelines for Health Risk Assessment
of Chemical Mixtures

Work on the Guidelines for the Health
Risk Assessment of Chemical Mixtures .
began in January 1884. Draft guidelines.
were developed by Agency work groups
composed of expert scientists from
throughout the Agency. The drafts were
peer-reviewed by expert scientists in the
fields of toxicology, pharmacokinetics,
and statistics from universities,
environmental groups, industry, labor,
and other governmental agencies. They
were then proposed for public comment
in the Federal Register (50 FR 1170). On
November 9, 1964, the Adminiatrator
directed that Agency offices use the

analyses were presented to review .
panels of the SAB on March 4 and April
22-23, 1885, and to the Executive
Committee of the SAB on April 25-28,
1985. The SAB meetings were
announced in the Federal Register as
follows: Pebruary 12, 1885 (50 FR 5811)
and April 4, 1085 (50 FR 13420 and
13421). . o

In a letter to the Administrator dated
June 19, 1985, the Executive Committee
generally concurred on all five of the
guidelines, but recommended certain
revisions, and requested that any
revised guidelines be submitted to the
appropriate SAB review panel chairman
for review and concurrence on behalf of
the Executive Committee. As described
in the responses to comments (see Part
B: Response to the Public and Science
Advisory Board Comments), each
guidelines document was revised, where
appopriate, consistent with the SAB
reco.nmendations, and revised draft
guidelines were submitted to the panel
chairmen. Revised draft Guidelines for
the Health Risk Assessment of chemical
mixtures were concurred on in a letter
dated August 16, 1885. Copies of the
letters are available at the Public
Information Reference Unit, EPA
Headquarters Library. as indicated
-elsewhere in this notice.

Following this Preamble are two parts:’
Part A contains the Guidelines and Part
B, the Response to the Public and
Science Advisory Board Comments (a
summary of the major public comments,
SAB comments, and Agency responses

" to those comments). -

The SAB requested that the Agency
develop a technical support document
for these Guidelines. The SAB identified

." the need for this type of document due

to the limited knowledge on interactions
of chemicals in biological systems.
Because of this, the SAB commented
that progress in improving risk

- assessment will be particularly

dependent upon progress in the science
of interactions.

Agency staff have begun preliminary
work on the technica) support document -

- and expect it to be completed by early

1987. The Agency is continuing to study
the risk assessment {ssues raised in the
guidelines and will revise these '
Guidelines in line with new informatio
as appropriate. .
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References, supporting documents,
and comments received on the proposed
guidelines, as well as copies of the final
guidelines, are available for inspection
and copying at the Public Information
Reference Unit (202-382-5928), EPA
Headquarters Library, 401 M Street, SW,
Washington, DC, between the hours of
8:00 a.m. and 4:30 p.m.

I certify that these Guidelines are not

- major rules as defined by Executive

Order 12291, because they are _
nonbinding policy statements and have
no direct effect on the regulated
community. Therefore, they will have no
effect on costs or prices, and they will
have no other significant adverse effects
on the economy. These Guidelines were
reviewed by the Office of Management
and Budget under Executive Order
12291,

Dated: August 22, 1908,
Lee M. Thomas,
Administrator. .

Coantents

Part A: Guidelines for the Health Risk
Asessament of Chemical Mixtures

1. Introduction

11. Proposed Approach ’
A. Data Avalilable on the Mixture of Con-

cem
B. Data Available on Sim:iar Mixtures
C. Data Available Only cn Mixiure Coim-
ponents
1. Systemic Toxicants
2. Carcinogens
3. Interactions
4. Uncertainties
a. Health Effects
-b. Exposure Uncertainties ‘
c. Uncerteinties Regarding Composi-
tion of the Mixture
Ill. Assumptions and Limitations
A. Information on Interactions
B. Additivity Models
1V. Mathematical Models and the Measure-
ment of Joint Action '
A. Dose Addition
B. Response Addi.ion
C. Interactions
V. References
Part B: Response to Publi-; and Sclence Advi-
sory Bosrd Comnmes:ts
L Introduction
Il. Recommended I'rocedures
A. Definitions .
B. Mixtures of Carcinogens and Systemic
Toxicants :
II. Additivity Ass umption
A. Complex Mistures
B. Dose Additivity
C. Interpretation of the Hazard Index
D. Use of Interaction Data
1V. Uncertainties and the Sufficiency of the
Data Base
V. Need for a Technical Support Document
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Part A: Guidelines for the Health Risk
Assessment of Chemical Mixtures

I. Introduction
The primary purpose of this document

is to generate a consistent Agency

approach for evaluating data on the
chronic and subchronic effects of
chemical mixtures. It is a procedural
guide that emphasizes broad underlying
principles of the various science
disciplines (toxicology, pharmacology,
statistics) necessary for assessing health
risk from chemica! mixture exposure.
Approaches to be used with respect to
the analysis and evaluation of the
various data are also discussed.

- It is not the intent of these Guidelines
to regulate any social or economic
aspects concerning risk of injury to
human health or the environment
caused by exposure to a chemical
agent(s). All such action is addressed in
specific statutes and federal legislation
and is independent of these Guidelines.

While some potential environmental
hazards involve significant exposure to
only a single compound, most instances

of environmental contamination involve -

concurrent or sequential exposures to a
mixture of compounds that may induce
similar or dissimilar effects over
exposure periods ranging from short-
term to lifetime. For the purposes of
these Guidelines, mixtures will be
defined as any combination of two or
more chemical substances regardiess of
source or of spatial or temporal
proximity. In some instances, the
mixtures are highly complex consisting
of scores of compounds that are
generated simultaneously as by-
products from a single source or process
(e.g.. coke oven emissions and diesel

-exhaust). In other cases, complex

mixtures of related compounds are
produced as commercial products (e.g.,
PCBs, gasoline and pesticide
formulations) and eventually released to
the environment. Another class of
mixtures consists of compounds, often
unrelated chemically or commercially,
which are placed in the same area for
disposal or storage, eventually come
into contact with each other, and are
released as a mixture to the
environment. The quality and quantity
of pertinent information available for
risk assessment varies considerably for
different mixtures. Occasionally, the
chemical composition of a mixture is
well characterized, levels of exposure to
the population are known, and detailed
toxicologic data on the mixture are
available. Most frequently, not all

components of the mixture are known,
exposure dala are uncertair, and
toxicologic data on the known
components of the mixture are limited.
Nonetheless, the Agency may be
required to take action because of the
number of individuals at potential risk
or because of the known toxicologic
effects of these compounds that have
been identified in the mixture.

The prediction of how specific
mixtures of toxicants will interact must
be based on an understanding of the
mechanisms of such interactions. Most
reviews and texts that discuss toxicant
interactions attempt to discuss the
biological or chemical bases of the
interactions (e.g., Klaassen and Doull,
1980; Levine, 1973; Goldstein et al., 1974;

" NRC, 1980a; Veldstra, 1958; Withey,

1981). Although different authors use
somewhat different classification

" schemes when discussing the ways in

which toxicants interact, it generally is
recognized that toxicant interactions
may occur during any of the toxicologic
processes that take place with a single
compound: absorption, distribution,
metabolism, excretion, and activity at

- the receptor site(s). Compounds may

Interact chemically, yielding a new toxic
component or causing a change in the
biological availability of the existing
component. They may also interact by
causing different effects at difTerent
receptor sites.

Because of the uncertainties inherent
in predicting the magnitude and nature
of toxicant interactions, the assessment
of health risk from chemical mixtures
must include a thorough discussion of

_all assumptions. No single approach is

recommended in these Guidelines.
Instead, guidance is given for the use of

_several approaches depending on the

nature and quality of the data.
Additional mathematical details are
presented in section IV, '

In addition to these Guidelines, a
supplemental technical support
document is being developed which will
contain a thorough review of all
available information on the toxicity of
chemical mixtures and a discussion of
research needs. .

Il. Proposed Approach

No single approach can be
recommended to risk assessments for
multiple chemical exposures.
Nonetheless, general guidelines can be
recommended depending on the type of
mixture, the known toxic effects of its
components, the availability of toxicity
data on the mixture or similar mixtures,
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the known or anticipated interactions
among components of the mixture, and
the quality of the exposure data. Given
the complexity of this issue and the
relative paucity of empirical data from
which sound generalizations can be
conslructed, emphasis must be placed
on flexibility, judgment, and a clear
articulation of the assumptions and
limitations in any risk assessment that is
developed. The proposed approach is
summarized in Table 1 and Figure 1 and
is detailed below. An alphanumeric
scheme for ranking the quality of the
data used in the risk assessment la given
in Table 2.

A. Data Available on the Mixture of
Concemn

For predicting the effects of
subchronic or chronic exposure to
mixtures, the preferred approach usually
will be to use subchronic or chronic
health effects data on the mixture of
concern and adopt procedures similar to
those uaed for single. compounds, either
systemic toxicants or carcinogens (see
U.S. EPA, 1988a—c). The risk assessor
must recognize, however, that dose-
response models used for single
compounds are often based on
biological mechanisms of the toxicity of
single compounds, and may not be as
well justified when applied to the
mixture as a whole. Such data are most
likely to be available on highly complex
mixtures, such as coke oven emissions
or diesel exhaust, which are generated
in large quantities and associated with
or suspected of causing adverse health
effects. Attention should also be given
to the persistence of the mixture in the
environment as well as to the variability

S074999  0026(01)(22-SEP-86-17:03:32)

of the mixture composition over time or
from different sources of emissions. If

- the components of the mixture are

known to partition into different
environmental compartments or to
degrade or transform at different rates
in the environment, then those factors
must also be taken {nto account, or the
confidence in and applicability of the
risk assessment is diminished.

Table 1.—Risk Assessment Approach for
Chemical Mixtures

1. Assess the quality of the data on
interactions, health effects, and exposure (see
Table 2).

a. If adequate, proceed to Step 2.

b. If inadequate, proceed to Step 14.

2. Health effects information is available
on the chemical mixture of concern.

a. If yes, proceed to Step 3.

b. If no, proceed to Step 4.

3. Conduct risk assessment on the mixture
of concer based on health effects data on
the mixture. Use the same procedures as

. those for single compounds. Proceed to Step 7

(optional} and Step 12.

4. Health effects information is available
on a mixture that is similar to the mixture of
concern.

a. If yes, proceed to Step 5.

b. If no, proceed to Step 7.

8. Assess the similarity of the mixture on
which health effects data are available to the
mixture of concem, with emphasis on any-
differences in components or proportions of
components, as well as the effects that such
differences would have on biological activity.

a. If sufficiently similar, proceed to Step 6.

b. If not sufficiently similar, proceed to
Step 7.

6. Conduct mk assessment on the mixture
of concern based on health effects data on -
the similar mixture. Use the same procedures
as those for single compounds. Proceed to
Step 7 (optional) and Step 12. '

YVareny T ST tes ot 4

7. Compile health effects and exposure
information on the components of the
mixture.

8. Derive appropriate Indices of acceptable
exposure and}:)r risk on the individual
components in the mixture. Proceed to Step 8.

9. Assess dala on interactions of .
components in the mixtures.

. I sufficient quantitative data are
available on the interactions of two or more
components in the mixture, proceed to Step
10.

b. If sufficient quantitative data are not
available, use whatever information is
available to qualitatively indicate the nature
of potential interactions. Proceed to Step 11.

10. Use an appropriate interaction model to
combine risk assessments on compounds for
which data are adequate, and use an
additivity assumption for the remaining
compounds. Proceed to Step 11 {optional) and
Step 12.

11. Develop a risk assessment based on an
additivity approach for all compounds in the
mixture. Proceed to Step 12.

12. Compare risk assessments conducted in
Steps 5, 8, and 9. Identify and justify the
preferred assessment, and quantify
‘uncertainty, if possible. Proceed to Step 13.

13. Develop an integrated summary of the
qualitative and quantitative assessments
with special emphasis on uncertainties and
assumptions. Classify the overall quality of
the risk assessment, as indicated in Table 2.
Stop.

. 14. No risk assessment can be conducted
because of inadequate data on interactions,
health effects, or exposure. Qualitatively
assess the nature of any potential hazard and
detail the types of addilional data necessary
to support a risk assessment. Stop.

Nots.—Several decisions used here,
especially those concerning adequacy of data

. and similarity between two mixtures, are not

precisely characterized and will require
considerable judgment. See text.
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Table 2 ~Classification Scheme for the
Quality of the Risk Asssssment of the
Mixture *

Information on Interactions

1. Assessment is based on data on the .
mixture of concern.
1. Assessment is based on data on a

' sufficiently similar mixture.

I Quantitative interactions of components
are well characterized.

1V. The assumption of additivity is justified
based on the nature of the health effects and
on the number of component compounds.

V. An assumption of additivity cannot be

justified, and no quantitative risk assessment

can be conducted.

Health Effects Information

A. Full health effects data are available
and relatively minor extrapolation Is '
required.

B. Full heaith effects data are available but
extensive extrapolation is required for route
or duration of exposure or for species
differences. These extrapolations are
supported by pharmacokinetic
considerations, empirical observations, or
other relevant information.

C. Full health effects data are available,
but extensive extrapolation is required for
route or duration of exposure or for species
differences. These extrapolations are not
directly supported by the information
available.

D. Certain important bealth effects data are
lacking and extensive extrapolations are
required for route or duration of exposure or
for species differences.

E. A lack of health effects information on
the mixture and its components in the
mixture precludes o quantltatlvo risk
assessment.

Exposure Information®

1. Monitoring information either alone or in
combination with modeling information is
sufficient to accurately characterize human
exposure to the mixture or its components.

2. Modeling information is sufficient to
reasonably characterize human expouuu to
the mixture or its components.

3. Exposure estimates for some componenu
are lacking, uncertain, or variable.
Information on health effects or
environmental chemistry suggest that this
limitation is not likely to substantially aifect -
the risk assessment.

4. Not all components in the mixture have
been identified or levels of exposure are
highly uncertain or variable. Information on
« ~alth effects or environmental chemistry is
no. sufficient to assess the effect of this
limi. ‘tion on the risk assessment.

8.1 ‘e available exposure information Is
fnsuffic ant for conducting a risk essessment.

¢ See text fu + discussion of sufficient similarity,
adequacy of di ta, and Justification for additivity
assumptions.

* See the Agen .y's Guidelines for Estimating
Exposures (U.S. SPA, 1988d) for more complete
information on perforniing exposure assessments
and evaluatir ; the quality of exposure data.
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B. Data Available on Similar Mixtures

If the risk assessment is based on
data from a single mixture that is known
to be generated with varying

‘compositions depending on time or

different emission sources, then the
confidence in the applicability of the
data to a risk assessment also is
diminished. This can be offset to some
degree if data are available on several
mixtures of the same components that
have different component ratios which
encompass the temporal or spatial
differences in composition of the
mixture of concern. If such data are
available, an attempt should be made to

- determine if significant and systematic

differences exist among the chemical
mixtures. If significant differences are
noted, ranges of risk can be estimated
based on the toxicologic data of the
various mixtures. If no significant

differences are noted, then a single risk |

assessment may be adequate, although

" the range of ratios of the components in

the mixtures to which the risk

assessment applies should also be given.

If no data are available on the
mixtures of concern, but health effects
data are available on a similar mixture
(i.e., a mixture having the same
components but in slightly different
ratios, or having several common
components but lacking one or more
components, or having one or more
additional components), a decision must
be made whether the mixture on which

health effects data are available is or is -

not “sufficiently similar” to the mixture
of concern to permit a risk assessment.
The determination of “sufficient
similarity” must be made on a case-by-
case basis, considering not only the
uncertainties associated with using data
on a dissimilar mixture but also the

.uncertainties of using other approaches

such as additivity. In determining
reasonable similarity, consideration .
should be given to any information on
the components that differ or are
contained in markedly different
proportions between the mixture on
which health effects data are available
and the mixture of concemn. Particular
emphasis should be placed on any
toxicologic or pharmacokinetic data on
the components or the mixtures which
would be useful in assessing the :
significance of any chemical difference
between the similar mixture and the
mixtures of concern.

Even if a risk assessment can be made

‘using data on the mixtures of concern or

a reasonably similar mixture, it may be
desirable to conduct a risk assessment
based on toxicity data on the
components in the mixture using the
procedure outlined in section I1.B. In the

case of a mixture containing carcinogens
and toxicants, an approach based on the
mixture data alone may not be
sufficlently protective in all cases. For
example, this approach for a two-
component mixture of one carcinogen
and one toxicant would use toxic¢ity
data on the mixture of the two
compounds. However, in a chronic study
of such a mixture, the presence of the
toxicant could mask the activity of the
carcinogen. That is to say, at doses of
the mixture sufficient to induce a :
carcinogenic effect, the toxicant could
induce mortality so that at the maximum
tolerated dose of the mixture, no
carcinogenic effect could be observed.
Since carcinogenicity is considered by
the Agency to be a nonthreshold effect,
it may not be prudent to construe the
negative results of such a bioassay as
indicating the absence of risk at lower
doses. Consequently, the mixture

" approach should be modified to allow
- the risk assessor to evaluate the

potential for masking, of one effect by
another, on a case-by-case basis.

C. Data Avallable Only on Mixture
Components

If data are not available on an
identical or reasonably similar mixture,
the risk assessment may be based on
the toxic or carcinogenic properties of
the components in the mixture. When
little or no quantitative information is
available on the potential interaction
among the components, additive models
(defined in the next section) are
recommended for systemic toxicants.

- Several studies have demonstrated that

dose additive models often predict
reasonably well the toxicities of
mixtures composed of a substantial
variety of both similar and dissimilar
compounds (Pozzani et al., 1859; Smyth
et al,, 1889, 1970; Murphy, 1880). The
problem of multiple toxicant exposure
has been addressed by the American
Conference of Governmental Industrial
Hygienists (ACGIH, 1883), the
Occupational Safety and Health
Administration (OSHA, 1983), the World
Health Organization (WHO, 1881}, and
the National Research Council (NRC,
18804, b). Although the focus and
purpose of each group was somewhat
different, all qroups that recommended

- an approach elected to adopt some type

of dose additive model. Nonetheless, as
discussed in section IV, dose additive
models are not the most biclogically
plausible approach if the compounds do
not have the same mode of toxicologic
action. Consequently, depending on the -
nature of the risk assessment and the
available information on modes of
action and patterns of joint action, the
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most reasonable additive model should
be used.

1. Systemic Toxicants. For systemic
toxicants, the current risk assessment
methodology used by the Agency for
single compounds most often results in
the derivation of an exposure level
which is not anticipated to cause
significant adverse effects. Depending
on the route of exposure, media of
concern, and the legislative mandate
guiding the risk assessments, these
exposure levels may be expressed in a
variety of ways such as acceptable daily
intakes (ADIs) or reference doses
(RIDs), levels associated with various
margins of safety (MOS), or acceptable
concentrations in various media, For the
purpose of this discussion, the term
“acceptable level” (AL) will be used to
indicate any such criteria or advisories

" derived by the Agency. Levels of

exposure (E) will be estimates obtained
following the most current Agency
Guidelines for Estimating Exposures
(U.S. EPA, 1888d). For such estimates,
the “hazard index" (HI) of a mixture
based on the assumption of dose
addition may be defined as:

Hi=E,/AL +Eof/Ale+. . . +E/AL, (1I-1)

where: .

E,=exposure level to the i*® toxicant* and

ALj= maximum acceptable level for the I**
toxicant.

Since the assumption of dose addition is
most properly applied to compounds
that induce the same effect by similar
modes of action, a separate hazard -
index should be generated for each end
point of concern. Dose addition for
dissimilar effects does not have strong
scientific support, and, if done, should
be justified on a case-by-case basis in
terms of biological plausibility.

The assumption of dose addition is
most clearly justified when the
mechanisms of action of the compounds
under consideration are known to be the
same. Since the mechanisms of action
for most compounds are not well
understood, the justification of the
assumption of dose addition will often

. be limited to similarities in

pharmacokinetic and toxicologic
characteristics. In any event, if a hazard
index is generated, the quality of the
experimental evidence supporting the
assumption of dose addition must be
clearly articulated.

The hazard index provides a rough
measure of likely toxicity and requires
cautious interpretation. The hazard
index is only a numerical indication of
the nearness to acceptable limita of
exposure or the degree to which

* See the Agency’s guidelines (U.S. EPA, 1988d)
for information on how to estimate this valve,
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acceptable exposure levels are
exceeded. As this index approaches
unity, concern for the potential hazard
of the mixture increases. If the index
exceeds unity, the concern is the same

. as if an individual chemical exposure

exceeded its acceptable level by the
same proportion. The hazard index does
not define dose-response relationships,
and its numerical value should not be
construed to be a direct estimate of risk.
Nonetheless, if sufficient data are
available to derive individual
acceptable levels for a spectrum of
effects (e.g., MFO induction, minimal
effects in several organs, reproductive
effects, and behavioral effects), the
hazard index may suggest what types of
effects might be expected from the
mixture exposure. If the components’
variabilities of the acceptable levels are
known, or if the acceptable levels are
given as ranges (e.g., associated with
different margins of safety), then the
hazard index should be presented with
corresponding estimates of variation or
e.

Most studies on systemic toxicity
report only descriptions of the effects in
each dose group. If dose-response
curves are estimated for systemic
toxicants, however, dose-additive or
response-additive assumptions can be
used, with preference given to the most
biologically plausible assumption (see
section IV for the mathematical details).

2. Carcinogens. For carcinogens,
whenever linearity of the individual
dose-response curves has been assumed
(usually restricted to low doses), the
increase in risk P (also called excess or

incremental risk), caused by exposure d,

is related to carcinogenic potency B, as:
P=dB (o-2)

For multiple compounds, this equation
may be generalized to:

P=2d,B, (m-3)
This equation assumes independence of

_ action by the several carcinogens and is

equivalent to the assumption of dose
addition as well as to response addition
with completely negative correlation of
tolerance, as long as P < 1 {see section
IV). Analogous to the procedure used in
equation II-1 for systemic toxicants; an
index for n carcinogens can be
developed by dividing exposure levels
{E) by doses (DR) associated with a set
level of risk:

Hl=E,/DR,+Es/DRe+. . .+E,/DR, (lI4)

" Note that the less linear the dose-

response curve is, the less appropriate
equations II-3 and [1-4 will be, perhaps -
even at low doses. It should be
emphasized that because of the
uncertainties in estimating dose-
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response relationships for single
compounds, and the additional
uncertainties in combining the
individual estimate to assess response
from exposure lo mixtures, response
rates and hazard indices may have merit
in comparing risks but should not be-

- regarded as measures of absolute risk.

3. Interactions. None of the above
equations incorporates any form of
synergistic or antagonistic interaction.
Some types of information, however,
may be available that suggest that two .
or more componenis in the mixt: .e may
interact. Such information must be
assessed in terms of both its relevance
to subchronic or chronic hazard and its
suitability for quantitatively altering the
risk assessment.

For example, if chrcnic or subchronic
toxicity or carcinogenicity studies have
been conducted that permit a
quantitative estimation of interaction for
two chemicals, then it may be desirable
to consider using equations detailed in .
section IV, or modifications of these
equations, to treat the two compounds
as a single toxicant with greater or
lesser potency than would be predicted
from additivity. Other components of
the mixture, on which no such
interaction data are available, could .
then be separately treated in an additive
manner. Before such a procedure is

" adopted, however, a discussion should

be presented of the likelihood that other
compounds in the mixture may interfere
with the interaction of the two toxicants
on which quantitative interaction data

~ are available. If the weight of evidence

suggests that interference is likely, then
a quantitative alteration of the risk
assessment may not be justified. In such
cases, the risk assessinent may only
indicate the likely nature of inieractions,
either synergistic or.antagonistic, and
not quantify their magnitudes.

Other types of information, such us
those relating to mechanisms of toxicant
interaction, or quantitative estimates of
interaction between two chemicals
derived from acute studies, are even les~
likely to be of use in the quantitative
assessment of long-term health risks.
Usually it will be appropriate only to
discuss these types of information,
indicate the relevance of the information
to subchronic or chronic exposure, and
indicate, if possible, the nature of
potentisl interactions, without
attempting to quantify their magnitudes.

When the interactions are expected to
have a minor influence on the mixture's
toxicity, the assessment should indicate,
when possible, the compounds most
responsible for the predicted toxicity.
This judgment should be based on
predicted toxicity of each component.
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based on exposure and toxic or - assessment does not suggest a hazard, an extent that cannot be measured or

carcinogenic potential. This potential
slone should not be used as an indicator
of the chemicals posing the most hazard.

4. Uncertainties. For each risk
assessment, the uncertainties should be
clearly discussed and the overall quality
of the risk assessment should be
characterized. The scheme outlined in
Table 2 should be used to express the
degree of confidence in the quality of
the data on interaction, health effects,
and exposure.

a. Health Effects—In some cases,
 when health effects data are incomplete,
it may be possible to argue by analogy
or quantitative structure-activity
relationships that the compounds on
which no health effects data are :
available are not likely to significantly
affect the toxicity of the mixture. lfa -
risk assessment includes such an
argument, the limitations of the
approach must be clearly articulated.
Since a methodology has not been
adopted for estimating an acceptable
level (e.g.. ADI) or carcinogenic
potential for single compounds based
either on quantitative structure-activity
relationships or on the results of short-
term screening tests, such methods are
not at present recommended as the sole
basis of a risk amument on chemical
mixtures. :

b. Exposure Uncertainties—The
general uncertain fes in exposure -
assessment have been addressed in the
Agency's Guidelines for Estimating
Exposures (U.S. EPA, 1968d). The risk
assessor should discuss these exposure
uncertainties in terms of the strength of
the evidence ased to quantify the
exposure. When appropriate, the
assessor should also compare
monitoring and modeling data and
discuss any inconsistencies as a source
of uncertainty. For mixtures, these
uncertainties may be increased as the
number of compounds of concern
increases.

If levels of exposure to certain :
compounds known to bs in the mixture
are not available, but information on
health effects and environmental
persistence and transport suggest that
these compounds are not likely to be
significani in affecting the toxicity of the
mixture, then a risk assessment can be
conducted based on the remaining
compounds in the mixture, with -
appropriate caveats. If such an argument
cannot be supported, no final risk
assessnent can be performed until
adequate monitoring data are available.
As an iaterim procedure, a risk
assessment may be conducted for those
components in the mixture for which
adequate exposure and health effects
data are available. If the interim risk
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there is still concern about the risk from
such a mixture because not all
components in the mixture have been
considered. _

c. Uncertainties Regarding
Composition of the Mixture—In perhaps
a worst case scenario, information may
be lacking not only on health effects and
levels of exposure, but also on the
identity of some components of the
mixture. Analogous to the procedure
described in the previous paragraph, an
interim risk assessment can be
conducted on those components of the
mixture for which adequate health .

. effects and exposure information are

available. If the risk is considered
unacceptable, a conservative approach
is to present the quantitative estimates
of risk, along with appropriate
qualifications regarding the
incompleteness of the data. If no hazard
is indicated by this partial assessment,
the risk assessment should not be
quantified until better health effects and
monitoring data are available to
adequately characterize the mixture
exposure and potential hazards.

1II. Assumptions and Limitations
A. Information on Interactions

Most of the data available on toxicant
. interactions are derived from acute

toxicity studies using experimental
animals in which mixtures of two

compounds were tested, often in only a .

single combination. Major areas of
uncertainty with the use of such data
involve the appropriateness of
interaction data from an acute toxicity
study for quantitatively altering a risk
assessment for subchronic or chronic
exposure, the appropriateness of
interaction data on two component
mixtures for quantitatively altering a
risk assessment on a mixture of severs!
compounds, and the accuracy of

.interaction data on experimental

animals for quantitatively predicting
interactions in humans.

The use of interaction data from acute
toxicity studies to assess the potential
interactions on chronic exposure is.
highly questionable unless the
mechanism(s) of the interaction on acute
exposure were known to apply to low-
dose chronic exposure. Most known
biological mechanisms for toxicant
interactions, however, involve some
form of competition between the
chemicals or phenomena involving
saturation of a receptor site or metabolic
pathway. As the doses of the toxicants
are decreased, it is likely that these
mechanisms either no longer will exert a
significant effect or will be decreased to
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approximated.

The use of information from two-
component mixtures to assess the
interactions in a mixture containing
more than two compounds also is
questionable from a mechanistic
perspective. For example, if two
compounds are known to interact, either
synergistically or antagonistically,
because of the effects of one compound
on the metabolism or excretion of the .
other, the addition of a third compound

which either chemically alters or affects

the absorption of one of the first two
compounds could substantially alter the
degree of the toxicologic interaction.
Usually, detsiled studies quantifying
toxicant interactions are not available
on multicompunent mixtures, and the
few studies that are available on such
mixtures (e.g., Gullino et al., 1858) do not
provide sufficient information to assess
the effects of interactive interference.

Concerns with the use of interaction
data on experimental mammals to
assess interactions in humans is based
on the increasing appreciation for

. systematic differences among species in
their response to individual chemicals. If
. systematic differences in toxic .

sensitivity to single chemicals exist
among species, then it seems reasonable

to suggest that the magnitude of toxicant -

interactions among species also may
vary in a systematic manner.
Consequently, even if excellent chronic
data are available on the magnitude of
toxicant interactions in a species of
experimental mammal, there is
uncertainty that the magnitude of the

"interaction will be the same in humans.
'Again, data are not available lo properly

assess the algnificance of this
uncertainty. ‘
Last, it should be emphanlzed that
none of the models for toxicant
interaction can predict the magnitude of
toxicant interactions in the absence of
extensive data. If sufficient data are
available to estimate interaction
coefficients as described in section IV,
then the magnitude of the toxicant
interactions for various proportions of
the same components can be predicted.

. The availability of an interaction ratio

{observed response divided by predicted
response) is useful only in assessing the
magnitude of the toxicant interaction for
the specific proportions of the mixture
which was used to generate the

" interaction ratio.

The basic assumption in the
recommended approach is that risk
assessments on chemical mixtures are
best conducted using toxicologic data on
the mixture of concern or a reasonably
similar mixture. While such risk
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assessments do not formally consider
toxicologic interactions as partofa
mathematical model, it is assumed that
responses in experimental mammals or
human populations noted after exposure
to the chemical mixture can be used to
conduct risk assessments on human
populations. In bioassays of chemical
mixtures using experimental mammals,
the same limitations inherent in species-
to-species extrapolation for single
compounds apply to mixtures. When
using health effects data on chemical
mixtures from studies on exposed
human populations, the limitations of
epidemiologic studies in the risk
assessment of single compounds also
apply to mixtures. Additional limitations
may be involved when using health
effects data on chemical mixtures if the
components in the mixture are not
conctant or if the components partition
in the environment. :

B. Alditivity Models

If sufficient data are not available on
the effects of the chemical mixtu.e of
concern or a reasonably similar mixture,
the proposed approach is to assume
additivity, Dose additivity is based on
the assumption that the components in
the mixture have the same mode of
action and elicit the same effects. This
assumption will not hold true in most
cases, at least for mixtures of systemic
toxicants, For systemic toxicants, '
however, most single compound risk
assessments will result in the derivation
of acceptable levels, which, as currently
defined, cannot be adapted to the
different forms of response additivity as
described in section IV.

Additivity models can be modified to
incorporate quantitative data on _
toxicant interactions from subchronic or
chronic studies using the models given
in section IV or modifications of these
models. If this approach is taken,
however, it will be under the assumption
that other components in the mixture do
not interfere with the measured
interaction. In practice, such subchronic
or chronic interactions data seldom will
be available. Consequently, most risk
assessments (on mixtures) will be based
on an assumption of additivity, as long
as the components elicit similar effects.

Dose-additive and response-additive
assumptions can lead to substantial
errors in risk estimates if synergistic or
antagonistic interactions occur.
Although dose additivity has been
shown to predict the acute toxicities of
many mixtures of similar and dissimilar
compounds (e.g., Pozzani et al., 1859;
Smyth et al,, 1969, 1870; Murphy, 1880},
some marked exceptions have been
noted. For example, Smyth et al. (1970)
tested the interaction of 53 pairs of
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industrial chemicals based on acute
lethality in rats. For most pairs of
compounds, the ratio of the predicted
LD,, to observed LD did not vary by
more than a factor of 2. The greatest
variation was seen with an equivoiume
mixture of morpholine and toluene, in
which the observed LD,, was about
fives times less than the LD,, predicted
by dose addition. In a study by :
Hammond et al. (1979), the relative risk
of lung cancer attributable to g.noking
was 11, while the relative rix'
associated with asbestos exjn ..:r. was
5. The relative risk of lung canc-r ;. um
both smoking and asbestos exposur.
was 53, indicating a substantial

- synergistic effect. Consequently, in some

cases, additivity assumptions may
substantially underestimate risk. In
other cases, risk may be overestimated.
While this is certainly an unsatisfactory

situation, the available data on mixtures

are insufficient for estimating the
magnitude of these errors. Based on

. current information, additivity

assumptions are expected to yield
generally neutral risk estimates (i.e.,
neither conservative nor lenient) and are
plausible for component compounds that
induce similar types of effects at the
same sites of action.

IV. Mathematical Models and the
Measurement of Joint Action

The simplest mathematical models for
joint action assume no interaction in
any mathematical sense. They describe
either dose addition or response
addition and are motivated by data on
acute lethal effects of mixtures of two
compounds.

A. Dose Addition

Dose addition assumes that the
toxicants in a mixture behave as if they
were dilutions or concentrations of each
other, thus the true slopes of the dose-
response curves for the individual
compounds are identical, and the
response elicited by the mixture can be
predicted by summing the individual
doses after adjusting for differences in
potency; this is defined as the ratio of
equitoxic doses. Probit transformation
typically makes this ratio constant at all
doses when parallel straight lines are
obtained. Although this assumption can
be applied to any model (e.g.. the one-hit
model in NRC, 1880b), it has been most
often used in toxicology with the log-
dose probit response model, which will
be used to illustrate the assumption of
dose addition. Suppose that two
toxicants show the following log-dose
probit response equations:

Yi=0343l0gZ,
Yi=1243l0g Z¢

(Iv-1) .
(v-2)
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where Y, is the probit response
associated with a dose of Z, (i=1. 2).
The potency, p, of toxicant #2 with
respect to toxicant #1 is defined by the
quantity Z,/Z, when Y, =Y, (that is
what i{s meant by equitoxic doses). In.
this example, the potency. p. is
approximately 2. Dose addition assumes
that the response. Y, to any mixture of
these two toxicants can be predicted by:

Y =0.3+4 3 log (Zi + pZs) (v-3)

‘thus, since p is defined as Z,/Z,.
equation IV-3 essentially converts Z,
into an equivalent dose of Z, by
adjusting for the difference in potency.
A more generalized form of this
equation for any number of toxicants is:

Y=a+blog{fi+ 2fip)+blogZ (IV4)
where:

a,=the y-intercept of the dose-response
- equation for toxicant #1

b=the slope of the dose-response lines for
the toxicants

f,=the proportion of the i** toxicant in the
mixture

py=the potency of the i*® toxicant with .
respect to toxicant #1 (i.e.. Z,/Z), and.

Z =the sum of the individual doses in the
mixture.

A more detailed discussion of the

derivation of the equations for dose
addition is presented by Finney (1971).

B. Response Addition

The other form of additivity is
referred to as response addition. As
detailed by Bliss (1939), this type of joint
action assumes that the two toxicants
act on different receptor systems and
that the correlation of individual
tolerances may range from completely
negative (r= —1) to completely positive
{r= +1). Response addition assumes
that the response to a given
concentration of a mixture of toxicants
is completely determined by the
responses {o the components and the
pairwise correlation coefficient. Taking
P as the proportion of organisms
responding to a mixture of two toxicants
which ev:ke individual responses of P,
and P, then

P=P,ifr=1and P.>P, (Iv-5)
P-P.llr-l lnd P;(P. “V-G)
P=P 4Py (l"pl) ifr=0 (lV—7)
PP, 4 Pyil r=—1and 2°<1. (Iv-8)

More generalized marhematical models
for this form of joint action have been
given by Plackett end Hewlett (1948).

C. Interactions

All of the above models assume no
interactions and therefore do not
incorporate measurements of synergisti:
or antagonistic effects. For measuring
toxicant interactions for mivtures of tu
compounds, Finney {1842) proposed th«
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fullowing modification of equation [V-4
for dose addition:

Y=u,+blog (fi+ph+K [phL]*%) +blog Z
(tv-9) -

where a,, b, [, f, p, and Z are defined as
before, und K is the coefficient of
interaction. A positive value of K
indicdtes synergism, a negative value
indicates antagonism, and a value of
zero corresponds to dose addition as in
equation IV-4. Like other proposed
modifications of dose addition (Hewlelt,
1969), the equation assumes a consistent
interaction throughout the entire range
ol proportions of individual components.
To account for such asymmetric patterns
of interaction as those observed by
Alstott et al. (1973), Durkin (1981)
propused the following modification to
equation IV-9; ' ‘

Y=u, +b log (I + pha+ Kifi [pfif.] >+ Kal,
tplf)*+blogZ (Iv-10)

in which K(pf.f,}*%is divided into two

components, K.f(pfifa)** and K.f(pf.fa)

%35 Since K, and Ku need not have the

same sign, apparent instances of

* antagonism at one receptor site and
synergism at another receptor site can
be estimated. When K, and K, are equal,
equation [V-10 reduces o Equation
IV-9.

It should be noted that to obtain a
reasonable number of degrees of -
freedom in the estimation of K in
equation 1V-9 or K, and Kj; in equation
1V-10, the 1.xicity of several different
combinali.ns of the two components
must be assayed along with assays of
the toxicity of the individual '

" components. Since this requires
experiments with large numbers of
animals, such analyses have been

" restricted for the most part to data from-
acute bioassays using insects (e.g..
Finney, 1971) or aquatic organisms
(Durkin, 1979). Also, because of the
complexity of experimental design and
the need for large numbers of animals,
neither equation IV-8 nor equation 1V-
10 has been generalized or applied to
mixlures of more than two toxicants.
Modifications of response-additive
models 10 include interactive terms have
also been proposed, along with .
appropriate statistical tests for the
assumption of additivity (Korn and Liu,
1983; Wahrendorf et al., 1981).

In the epidemioclogic literature,
measurements of the extent of toxicant
interactions, 5. can be expressed as the
ratio of obser ed relative risk to relative
risk predicted by some form of
additivity assumption. Analogous to the
rutio of interaction in classical
toxiocology studies, 8 = 1 indicates no
interaction, S>1 indicates synergism,

and S <1 indicates unugonisin. Several

“models for both additive and

multiplicative risks have been proposed
(e.g.. Hogan et al., 1978; NRC, 1980D;
Walter, 1976). For instance, Rothman
(1976) has discussed the use of the
following measurement of toxicant
interaction based on the assumption of
risk additivity:

S=(Ru-1)/(Rio+Res-2) (Iv-11)

where Ry, i8 the relative risk from
compound #1 in the absence of
compound #2, Ry, is the relative risk
from compound #2 in the absence of
compound #1, and Ry, is the relative risk
from exposure to both compounds. A
multiplicative risk model adapted from
Walter and Holford (1978, equation 4)
can be stated as;

S = Ru/(RiRa) (IvV-12)

As discussed by both Walter and
Holford (1978) and Rothman (1976), the
risk-additive model is generally applied
to agents causing discases while the
multiplicative model is more appropriate
to agents that prevent discase. The
relative merits of these and other
indices have been the subject of
considerable discussion in the
epidemiologic literature (Hogan et al.,
1978; Kupper and Hogan, 1978; Rothman,
1978; Rothman et al., 1980; Walter and
Holford, 1978). There seems to be a
consensus that for public health
concerns regarding causative (toxic)
agents, the additive model is more
appropriate.

Both the additive and multiplicative
models assume statistical independence
in that the risk associated with exposure
to both compounds in combination can
be predicted by the risks associated
with separate exposure lo the individual
compounds. As illustrated by
Siemiatycki and Thomas (1981) for
multistage carcinogenesis, the better
fitting statistical model will depend not
only upon actual biological interactions,
but also upon the stages of the disease
process which the compounds affect.
Consequently, there is no a priori basis
for selecting either type of model in a
risk assessment. As discussed by Stara
et al. (1983), the concepts of multistage
carcinogenesis and the effects of
promoters and cocarcinogens on risk are
extremely complex issues. Although risk
models for promoters have been -
proposed (e.g.. Burns et al., 1983), no
single approach can be recommended at
this time.
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Part B. Responsé to Public and Science
Advisory Board Comments

L Introduction

This section summarizes some of the
major issues raised in public comments
on the Proposed Guidelines for the
Health Risk Assessment of Chemical
Mixtures published on January 9, 1985
(50 FR 1170). Comments were received
from 14 individuals or organizations. An
issue paper reflecting public and
external review comments was
presented to the Chenical Mixtures
Guidelines Panel of the Science
Advisory Board {SAB) on March 4, 1985.
At its April 22-23, 1985, meeting, the
SAB Panel provided the Agency with
additional suggestions and
recommendations concerning the
Guidelines. This section also
summarizes the issues raised by the
SAB.

The SAB and public commentors
expressed diverse opinions and
addressed issues from a variety of
perspectives. In response to comments,
the Agency has modified or clarified
many sections of the Guidelines, and is
planning to develop a technical support
document in line with the SAB
recommendations. The discussion that
follows highlights significant issves
raised in the comments, and the
Agency’s response to them. Alse, many
minor recommendations, which do not
warrant discussion here, were adnpted
by the Agency.

II. Recommended Procedures
A. Definitions

Several comments were received
concerning the lack of definitions for
certain key items and the general
understandability of certain sections.
Definitions have been rewritten for
several terms and the text his been
significantly rewritten to clarily the
Agency's intent and meaning.

Several commentors noted the lack of
8 precise definition of "mixtur " even
though several classes of mixtuies are
discussed. In the fic!d of chemistey, the
term “mixture” is usuaily differentiated
from true solutions, with the former
defined as nonhomogeneous
multicomponent systems. For thesa
Guidelines, the term “mixture™ is
defined as . . . any combination of two
or more chemicals regardless of spatial
or temporal homogeneity of source”
(section 1). These Guidelines are
intended to cover risk assessments fur
any situation where the population is
exposed or polenlially expased to tw
or mare compounds of concern.
Consequently, the introduction has been
revised ta clarily the intended breadth

_of application.

Several commentors expressed
concern that "“sufficient similarity” was
difficult to define and that the
Guidelines should give more details
concerning similar mixtures. The
Agency agrees and is planning reses ich
projects to improve on the definitiow.
Characteristics such as compasition and
toxic end-effects are certainly
important, but the best indicators of
similarity in terms of risk agsessmen!
have yet to be determined. The
discussion in the Guidelines emphasizes
case-by-case judgment until the
necessary research can be performed.
The Agency considered but rejected
adding an example. because it is not
likely that any single example would be
adequate to illustrate the variety in the
data and types of judgments that wil} be
required in applying this concep!.
Inclusion of examples is being
considered for the technical support
document.

B. Mixtures of Carcinogens and
Systemic Toxicants

The applicability of the preferred
approach for a mixture of carcinogens
and systemic (noncarcinogenic)
toxicants was a conrern of several
public commentors as well as the SAR.
The Agency realizes that the preferred
approach of using test data on the
mixture itself may not be sufficiently
protective in all cases. For example,
take a simple two-component mixture of
one carcinogen and one toxicant. The
preferred approach would lead to using
toxicity data on the mixture of the two
compounds. However, it is possible to
set the proportions of each component
so that in a chronic bioassay of such a -
mixture, the presence of the toxicant
could mask the activity of the
carcinogen. That is to say, at doses of
the mixture sufficient for the carcinogen
to induce tumors in the small
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experimental group, the toxicant could
induce mortality. At a lower dose in the
same study, no adverse effects would be
observed, including no carcinogenic
effects. The data would then suggest use
of a threshold approach. Since
carcinogenicity is considered by the
Agency to be a nonthreshold effect, it
may nol be prudent to construe the
negative results of such a bioassay as
indicating the absence of risk at lower
doscs. Consequently, the Agency has
reviscd the discussion of the preferred
approach to allow the risk assessor to
evaluate the potential for masking of
carcinogenicity or other effects on a
case-by-case basis.

Another difficulty occurs with such a

mixture when the risk assessment needs

to be based on data for the mixture
components. Carcinogens and systemic
toxicants are evaluated by the Agency
using different approaches and generally
are described by different types of data:
response rates for carcinogens vs. effect
descriptions for toxicants. The Agency
recognizes this difficulty and
recommends research to develop a new
assessment model for combining these

- dissimilar data sets into one risk
eslimate. One suggestion in the interim
is to present separate risk estimates for
the dissimilar end points, including
carcinogenic, teratogenic, mutagenic,
and systemic toxicant components.

Ul Additivity Assumption

Numec:ous comments were received
concern: ;g the assumption of additivity,
including:

a. the applicability of additivity to
“complex” mixtures;

b. the use of dose additivity for
compounds that induce different effects;

c. the intepretation of the Hazard
Index; and

d. the use of interaction data.

Parts of the discussion in the proposed
guidelines concerning the use of
additivity assumptions were vague and
have been revised in the final
Cuidelines to clarify the Agency's intent
and position.

A. Complex Mixtures

The issue of the applicability of an
assumption of additivity to complex
mixtures containing tens or hundreds of

components was raised in several of the
" public comments. The Agency and its
reviewers agree that as the number of
compounds in the mixture increases, an
assumptiv:: of additivity will become
less reliable in estimating risk. This is
based on the fact that each component
estimate of risk or an acceptable level is
associated with some error and
uncertainty. With current knowledge,
the uncertuinty will increase as the

number of components increases. In any
event, little experimental data are
available to determine the general
change in the error as the mixture
contains more components. The Agency
has decided that a limit to the number of

‘components should not be set in these

Cuidelines. However, the Guidelines do
explicitly state that as the number of
compounds in the mixture increases, the
uncertainty associated with the risk
assessment is also likely to increase.

B. Dose Additivity

Commentors were concerned about
what appeared to be a recommendation
of the use of dose additivity for
compounds that induce different effects.
The discussion following the dose
additivity equation was clarified to
indicate that the act of combining all
compounds, even if they induce
dissimilar effects, is a screening
procedure and not the preferred
procedure in developing a hazard index.
The Guidelines were further clarified to
state that dose (or response) additivity
is theoretically sound, and therefore
best applied for assessing mixtures of
similar acting components that do not
interact.

‘C. Interpretation of the Huzard Index

Several comments addressed the
potential for misinterpretation of the
hazard index, and some questioned its

.validity, suggesting that il mixes science

and value judgments by ysing
“acceptable” levels in the calculation,
The Agency agrees with the possible
confusion regarding its use and has
revised the Guidelines for clarification.
The hazard index is an easily derived
restutement of dose additivity, and is,
therefore, most accurate when used with
mixture components that have similar
toxic action. When used with
components of unknown or dissimilar
action, the hazard index is less accurate
and should be interpreted only as a
rough indication of concern. As with
dose addition, the uncertainty
associated with the hazard index
increases as the number of components
increases, so that it is less appropriate
for evaluating the toxicity of complex
mixtures,

D. Use of Interaction Duta

A few commentors suggested that any
interaction data should be used to
quantitatively alter the risk assessment.
The Agency disagrees. The current
information on interactions is meager,
with only a few studies comparing
response to the mixture with that
predicted by studies on components.
Additional uncertuinties include
exposure variations due to changes in

composition, mixture dose, and species
differences in the extent of the

interaction. The Agency is constructing

an interaction data base in an attempt to
answer some of thege issues. Other
comments concerned the use of different
types of interaction data. The Guidelines .
restrict the use of interaction data to

that obtained from whole animal
bioassays of a duration appropriate to

" the risk assessment. Since such data are

frequently lacking, at least for chronic or
subchronic effects, the issue is whether
to allow for the use of other information
such as acute dala, /n vitro data, or
structure-activity relationships to
quantitatively alter the risk assessment,
perhaps by use of a safety factor. The
Agency believes that sufficient scientific
support does not exist for the use of
such data in any but a qualitative
discussion of possible synergistic or
antagonistic effects.

1V. Uncertainties and the Sufficiency of
the Data Base

In the last two paragraphs of section 11
of the Guidelines, situations are
discussed in which the risk assessor is
presented with incomplete toxicity,
monitoring, or exposure data. The SAB,
as well as several public commentors,
recommended that the “risk
management” tone of this section be
modified and that the option of the risk
assessor to decline to conduct a risk
assessment be made more explicit.

This is a difficult issue that must
consider not only the quality of the
available data for risk assessment, but
also the needs of the Agency in risk
management. Given the types of poor
data often available, the risk assessor
may indicate that the risk assessment is
based on limited informaltion and thus
contains no quantification of risk.
Nonetheless, in any risk assessment,
substantial uncertainties exist. It is the
obligation of the risk assessor to provide
an assessment, but also to ensure that
all the assumptions and uncertainties
are articulated clearly and quantified
whenever possible. ]

The SAB articulated several other
recommendations related to
uncertainties, all of which have been
followed in the revision of the
Guidelines. One recommendation was
that the summary procedure table also
be presented as a flow chart so that all
options are clearly displayed. The SAB
further recommended the development

of a system to express the level of

confidence in the various steps of the
risk assessment.

The Agency has revised the summary
table to present four major options: risk
assessment using data on the mixture
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itself, data on a similar mi)z(ure. data on
the mixture's components, or declining
to quantify the risk when the data are
inadequate. A flow chart of this table
has also been added to more cleasly
depict the various options and to suggest
the combining of the several options to
indicate the variability and uncertainties
in the risk assessment,

To determine the adequacy of the
data, the SAB also recommended the
development of a system to express the
level of confidence associated with
various steps in the risk assessment
process. The Agency has developed a
rating scheme 1o describe data quality in
three areas: interaction, health effects,
and exposure. This classification
provides a range of five levels of data
quality for each of the three areas.
Choosing the last level in any area
results in declining to perform a
quantitative risk assessment due to
inadequate data, These last levels are
described as follows:

Interactions:

An assumplion of additivity cannot be
justified, and no quantitative risk
assessment can be conducted.

Health elfects: .
A lack of henlth effects information on
- the mixture and ils components
precludes a quantitative risk
assessment.

Exposure:

The available exposure information is
insufficient for conducting a risk
asgessment.

Several commentors, including the
SAR, emphasized the importance of not
losing these classifications and
uncertainties farther along in the risk
management process. The discussion of
uncertainties has been expanded in the
final Guidelines and includes the
recommendation that a discussion of
uncertainties and assumptions be
included at every step of the regulatory
pracess that uses risk assessment.

Another SAB comment was that the
Guidelines should include additional
procedures for mixtures with more than
one end point or effect. The Agency
agrees that these are concerns and
revised the Guidelines to emphasize
these as additional uncertainties worthy
of further research,

V. Need for o Technical Support
Document

The third major SAB comment
concerned the necessity for a separate
technical support document for these
Guidelines. The SAB pointed out that
the scientific and technical background
from which these Guidelines must draw
their validity is so broad and varied thal
it cannolt reasonably be synthesized

within the framework of a briel set of
guidelines. The Agency is developing a
technical support document thygl will
summarize the availabi.: information on
health effects from chemical mixtures,
and on interaction mechanisms; as well
as identify and develop mathematical
models and statistical techniques to
support these Guidelines. This document
will also identify critical gaps and
research needs.

Several comments addressed the need
for examples on the use of the
Guidelines. The Agency has decided to
include examples in the technical
support document.

Another issue raised by the SAB
concerned the identification of research
needs. Because little emphasis has been
placed on the toxicology of mixtures
until recently, the informution on
mixtures is limited. The SAB pointed out
that identifying research needs is critical
to the risk assessment process, and the
EPA should ensure that these needs are
considered in the research planning
process. The Agency will in: lude a
section in the technical supp.:rt
document that identifies rescarch needs
regarding both methodology and data.
[FR Doc. 86-19603 Filed 9-23-88; 8:45 am|
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AIEARNSUAEES

‘ENVIRONMENTAL PROTECTION
AGENCY

{FRL-2964-3)

Guidelines for the Health Assessment
of Suspect Developmental Toxicants

AQEnCY: U.S. Environmental Protection
Agency (EPA).

ACToN: Final Guidelines for the Health
Assessment of Suspect Developmental
Toxicants. .

SUMMARY: The U.S. Environmental
Protection Agency is today issuing five

guidelines for assessing the health risks

of environmental pollutants. These are:

Guidelines for Carcinogen Risk
Assessment '

Guidelines for Estimating Exposures

Guidelines for Mutagenicity Risk
Assessment

Guidelines for the Health Assessment of
Suspect Developmental Toxicants

Guidelines for the Health Risk
Assessment of Chemical Mixtures

This notice contains the Guidelines for
the Health Assessment of Suspect
Developmental Toxicants; the other
guidelines appear elsewhere in today's
Federal Register.

The Guidelines for the Health
Assessment of Suspect Developmental
Toxicants (hereafter “Guidelines’) are
intended to guide Agency analysis of
developmental toxicity data in line with
the policies and procedures established
in the statutes administered by the EPA.
These Guidelines were developed as
part of an interoffice guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA) in
the Agency's Office of Research and
Development. They reflect Agency -
consideration of public and Science
Advisory Board (SAB) comments on the
Proposed Guidelines for the Health
Apssessment of Suspect Developmental
Toxicants published November 23, 1984
(49 I'R 46324).

This publication completes the first
round of risk assessment guidelines
development. These Guidelines will be
revised, and new guidelines will be
developed, as appropriate.

EFFECTIVE DATE: The Guidelines will be
effective September 24, 1988.

FOR FURTHER INFORMATION CONTACT:
Dr. Carole A, Kimmel, Reproductive
Effects Assessment Group, Office of
Health and Environmental Ascessment
(RD-689), U.S. Environmenta!l Protection
Agency, 401 M Street, SW., Washington,
DC 20460, 202-382-7331.
SUPPLEMENTARY INFORMATION: In 1983,
the National Academy of Sciences
{NAS) published its book entitled Rixk
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 Assgessment in the Federal Government:
Managing the Process. In that book, the .

NAS recommended that Federal
regulatory agencies establish “inference
guidelines” to ensure consistency and
technical quality in risk assessments
and to ensure that the risk assessment
process was maintained as a scientific -
effort separate from risk management. A
task force within EPA accepted that
recommendation and requested that
Agency scientists begin to develop such
guidelines.

General

The guidelir.es published today are
products of a two-year Agencywide
effort, which has included many
acientists from the larger scientific
community. These guidelines set forth
principles and procedures to guide EPA
scientists in the conduct of Agency risk
assessments, and to inform Agency
decision makers and the public.about
these procedures. In particular, the
guidelines emphasize that risk
assessments will be conducted on a
case-by-case basis, giving full
consideration to all relevant scientific
information. This case-by-case approach
means that Agency experts review the

scientific information on each agent and "

use the most scientifically appropriate
interpretation to assess risk. The
guidelines also stress that this
information will be fully presented in
Agency risk assessment documents, and
that Agency scientists will identify the
strengths and weaknesses of each
assessment by describing uncertainties,
assumplions, and limitations, as well as

. the scientific basis and rationale for
_each assessment.

Finally, the guidelines are formulated
in part to bridge gaps in risk assessment
methodology and data. By identifying

‘these gaps and the importance of the

missing information to the risk
assessment process, EPA wishes to
encourage research and analysis that
will lead to new risk assessment
methods and data.

Gulidelines for the Health Assessment of
Suspect Developmental Toxicants :

Work on the Guidelines for the Health
Assessment of Suspect Developmental
Toxicants began in January 1864. Draft
guidelines were developed by Agency

-work groups composed of expert

scientists from throughout the Agency.
The drafts were peer-reviewed by
expert scientists in the field of
developmental toxicology from
universities, environmental groups,
industry, labor, and other governmental
agencies. They were then proposed for
public comment in the Federal Register
{49 FR 48324). On November 9, 1884, the
Administrator directed that Agency

offices use the proposed guidelines in
performing risk assessments until final
guidelines become available.

After the close of the public comment
period, Agency staff prepared
summaries of the comments, analyses of
the major issues presented by the
commentors, and preliminary Agency
responses to those comments. These
analyses were presented to review
panels of the SAB on March 4 and April
22-23, 1985, and to the Executive
Committee of the SAB on April 25-26,
1985. The SAB meetings were
announced in the Federal Register as
follows: February 12, 1985 (50 FR 5811)
and April 4, 1885 (50 FR 13420 and

13421).

-In a letter to the Administrator dated
June 19, 1985, the Executive Commitlee
generally concurred on all five of the
guidelines, but recommended certain
revisions, and requested that any
revised guidelines be submitted to the
appropriate SAB review panel chairman
for review and concurrence on behalf of
the Executive Committee. As described
in the responses to comments (see Part
B: Response to the Public and Science
Advisory Board Comments), each
guidelines document was revised. where
appropriate, consistent with the SAB
recommendations, and revised draft
guidelines were submitted to the panel
chairmen. Revised draft Guidelines for
the Health Assessment of Suspect
Developmental Toxicants were
concurred on in a letter dated july 26,
1085. Copies of the letters are available
at the Public Information Reference
Unit, EPA Headquarters Library, as
indicated elsewhere in this notice.

Following this Preamble are two parts:
Part A contains the Guidelines and '
Part B, the Response to the Public and
Science Advisory Board Comments (a
summary of the major public comments,
SAB comments, and Agency responses
to those comments).

The SAB suggested that the Agency
pursue additional follow-up work on
quantitative risk assessment. Several
efforts are currently underway within
the Agency on quantitative risk
assessment models and procedures, the
relationship of maternal and
developmental toxicity, and the
evaluation and interpretation of
postnatal studies. In addition, a
document addressing research needs is
being prepared to highlight those areas
that are in need of further study.

The Agency is continuing to study the
risk assessment issues raised in the
guidelines end will revise these
guidelines in line with new lnformauon
as appropriate.

References, supporting documents,
and comments received on the proposed
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guidelines, as well as copies of the final
guidelines, are available for inspection
and copying at the Public Information
Reference Unit (202-382-5926), EPA
Headquarters Library, 401 M Street, SW,
Washington, DC, between the hours of
8:00 a.m. and 4:30 p.m.

I certify that these Guidelines are not
major rules as defined by Executive
Order 12291, because they are
nonbinding policy statements and have
no direct effect on the regulated
community. Therefore, they will have no
effect on costs or prices, and they will
have no other significant adverse effects
on the economy. These Guidelines were
reviewed by the Office of Management
and Budget under Executive Order
12291.

Dated: August 22, 1988,

Lee M. Thomas,
Administrator.
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Part A: Guidelines for the Health
Assessment of Suspect Developmental
Toxicants

L Introduction

These Guidelines describe the
procedures that the U.S. Environmental
Protection Agency will follow in
evaluating potential developmental
toxicity associated with human
exposure to environmental toxicants. In

- 1080, the Agency sponsored a _
conference that addressed issues related

to such evaluations (1) and provided
some of the scientific basis for these risk
assessment Guidelines. The Agency's
authority to regulate substances that
have the potential to interfere adversely
with human development is derived
from a number of statutes which are
implemented through multiple offices
within the Agency. Because many
different offices evaluate develcomental
toxicity, there is a need for intra-Agency
consistency in the approach to assess

these types of effects. Tha procedures

described here will promote consistency
in the Agency's assessment of
developmental toxic effects.

The developmental toxicity
assessments prepared pursuant to these
Guidelines will be utilized within the
requirements and constraints of the
applicable statutes to arrive at
regulatory decisions concerning
developmental toxicity. These
Guidelines provide a general format for
analyzing and organizing the available
data for conducting risk assessments.
The Agency previously has issued
testing guidelines (2, 3) that provide
protocols designed to determine the

_ potential of a test substance to induce

structural and/or other abnormalities in
the developing conceptus. These risk
assessment Guidelines do not change
any statutory or regulatory prescribed
standards for the type of data necessury
for regulatory action, but rather provide

guidance for the interpretation of studies

that follow the testing guidelines, and in
addition, provide limited information for
interpretation of other studies (e.g.,
epidemiologic data, functional
developmental toxicity studies, and
short-term tests) which are not routinely
required, but which may be encountered
when reviewing data on particular
agents. Moreover, risk agsessmert is just
one component of the regulatory process
and defines the adverse health
consequences of exposure to a toxic
agent. The other component, risk
management, combines risk assessment

with the directives of the enabling
regulatory legislation, together with
socioeconomic, technical, political, and
other considerations, to reach a decision
as to whether or how much to control
future exposure to the suspected toxic
agent. The issue of risk management will
not be addressed in these Guidelines.
The background incidence of
developmental defects in the human
population is quite larze. Fo. 2vample,
approximately 50% of human
conceptuses fail to reach term (4):
approximately 3% of newborn children
are found to have one or more
significant congenital malformations at
birth, and by the end of the first :
postnatal year, about 3% more are found

. to have serious developmental defects

(5. 8). Of these, it is estimated that 20%
of human developmental defects are of
known genetic transmission, 10% are
attributable to known environmental
factors, and the remainder result from
unknown causes (7). Approximately
7.4% of children are reduced in weight at
birth (i.e., below 2500 g) (8). Exposure to
agents affecting development can result
in multiple manifestations
(malformation, functional impairment,

.altered growth, and/or lethality).

Therefore, assessment efforts should
encompass a wide array of adverse
developmental end points, such as
spontaneous abortions, stillbirths,
malformations, early postnatal
mortality, and other adverse functional
or physical changes that are manifested

postnatally.

Numerous agents have been shown to
be developmental toxicants in animal -
test systems (9). Several of them have
also been shown to be the cause of
adverse developmental effects in
humans, including alcohol, aminopterin,
busulfan, chlorobiphenyls,
diethylstilbestrol, isotretinoin, organic
mercury, thalidomide, and valproic acid
(10, 11, 12, 13). Although a number of
agents found to be positive in animal -
studies have nol shown clear evidence
of hazard in humanas, usually the human
data available are inadequate to
determine a cause and effect
relationship. Comparisons of human and
animal data have been made for a
limited number of agents that are
positive in humans (13, 14). In these
comparisons, there was almost always
concordance of effects between humans
and at least one species tested; also, the
minimally elfective dose (MED) for the
most sensitive animal species was
approximately 0.5 to 50 times the human
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MED, not accounting for differences in
the incidence of effect at the MED. Thus,
there is some limited basis for
estimating the risk of exposure to human
development based on data from animal
studies.

The National Research Council (15)
has defined risk assessment as being
comprised of some or all of the following
components: hazard identification, dose-
responge assessment, exposure

" assessment, and risk characterization. In

general, the process of assessing the risk
of human developmental toxicity may
be adapted to this format. However, due
to special considerations in assessing
developmental toxicity, which will be
discussed later in these Guidelines, it is
not always possible to follow the exact
standards as defined for each
component.

Hazard identification is the
qualitative risk assessment in which all
available experimental animal and
human data are used to determine if an
agent is likely to cause developmental
toxicity. In considering developmental
toxicity, these Guidelines will address
not only malformations, but also fetal
wastage, growth alteration, and
functional abnormalities that may result
from developmental exposure to .
environmental agents,

The dose-response assessment
defines the relationship of the dose of an
agent and the occurrence of .
developmental toxic effects. Accord
to the National Research Council (15), -
this component would usually include
the results of an extrapolation from high
doses administered to experimental
animals or noted in epidemiologic
studies to the low exposure levels
expected for human contact with the
agent in the environment. Since at
present there are no mathematical
extrapolation models that are generally
accepted for developmental toxicity, the
Agency, for the most part, uses
uncertainty (safety) factors and margins
of safety, which will be discussed in
these Guidelines. Appropriate models
are being sought by the Agency for
application to data in this area.

The exposure assessment identifies
populations exposed to the agent,
describes their composition and size,
and presents the types, magnitudes,
frequencies, and durations of exposure
to the agent.

In risk characterization, the exposure
assessment and the dose-response
assessment are combined to estimate
some measure of the risk of
developmental toxicity. As part of risk
characterization, a summary of the
strengths and weaknesses in each
component of the assessment are
presented along with major

S-N74%00  AN10(0IY22. STIP-RA- [ 7.07:47)

" assumptions, scientific judgments, and,
" to the extent possible, estimates of the

uncertainties.

II. Definitions and Terminology

The Agency recognizes that there are
differences in the use of terms in the
field of developmental toxicology. For
the purpaoses of these Guidelines the
following definitions and terminology

“will be used.

Developmental Toxicology—The
study of adverse effects on the
developing organism that may result
from exposure prior to conception
(either parent), during prenatal
development, or postnatally to the time
of sexual maturation. Adverse
developmental eflects may be detected
at any point in the life span of the
organism. The major manifestations of
developmental toxicity include: (1)
death of the developing organism, (2)
structural abnormality, (3) altered
growth, and (4) functional deficiency.

Embryotoxicity and Fetotoxicity—
Any toxic effect on the conceptus as a
result of prenatal exposure; the
distinguishing feature between the two
terms is the stage of development during
which the injury occurred. The terms, as
used here, include malformations and
variations, altered growth, and in utero
death. A

Altered Growth—An alteration in
offspring organ or bodv weight or size.
Changes in body weight may or may not
be accompanied by a change in crown-
rump length and/or in skeletal
ossification. Altered growth can be
induced at any stage of development,

- may be reversible, or may result in a

permanent change.

Functional Developmental
Toxicology—The study of the causes,
mechanisms, and man.festations of
alterations or delays in functional
competence of the organism or organ

.system following exposure to an agent

during critical periods of development
pre- and/or postnatally. _
Malformations and Variations—A
malformation is usually defined as a
permanent structural change that may
adversely affect survival, development,
or function. The term teratogenicity,
which is used to describe these types of

" structural abnormalities, will be used in

these Guidelines to refer only to
structural defects. A variation is used to
indicate a divergence beyond the usual
range of structural constitution that may
not adversely affect survival or health.
Distinguishing between variations and
malformations is difficult since there
exists a continuum of responses from

‘the normal to the extreme deviant.

There is no generally accepted
classification of malformations and

variations. Other terminology that is
often used, but no better defined,
includes anomalies, deformations, and
aberrations.

I Qualitative Assessment (Hazard
Identification of Developmental
Toxicants) ’

Developmental toxicity is expressed
as one or more of a number of possible
end points that may be used for

. evaluating the potential of an agent to

cause abnormal development. The four
types of effects on the conceptus that
may be produced by developmental
exposure to toxicants include death,
structural abnormality, altered growth,

" and functional deficits. Of these, the

first three types of effects are
traditionally measured in laboratory
animals using the conventional
developmental toxicity (also called
teratogenicity or Segment 1I) testing
protocol as well as in other study
protocols, such as the multigeneration
study. Functional deficits are seldom
evaluated in routine studies of
environmental agents. This section will
discuss the end points examined in
routinely used protocols as well as the

- evaluation of data from othar types of
. studies, including functional studies and

short-term tests. Transplacental
carcinogenesis, another type of
developmental effect, will not be
discussed in detail here since, at

‘present, it is considered more

appropriate to use the Guidelines for
Carcinogen Risk Assessment (18) for
assessing the human risk for these types
of effects. Also, mutational events may
occur as part of developmental toxicity,
and in practice, are difficult to
diecriminate from other possible
mechanisms of developmental toxicity.

. The Guidelines for Mutagenicity Risk

Assessment (17) should be consulled in
cases where genetic damage is
suspected.

A. Laboratory Animal Studies of
Developmental Toxicity: End Points and
Their Interpretation

The most commonly used protocol for
assessing de velopmental toxicity in
laboratory animals involves the
administration of a test substance to
pregnant animals {usually mice, rats, or -
rabbits) during the period of major
organogenesis, evaluation of maternal
responses throughout pregnancy, and
examination of the dam and the uterine
contents just prior to term (2, 3, 18, 19,
20). Other protocols may use exposure
periods of one to a few days to
investigate periods of particular
sensitivity for induction of anomalies in
specific organs or organ systems (21). In
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addition, developmental toxicity may be
evaluated in studies involving exposure
of one or both parents prior to
conception, of the conceptus during
pregnancy and over several generations,
or of offspring during the late prenatal
and early postnatal periods. These
Guidelines are intended to provide
information for interpreting
developmental effects related to any of
these types of exposure. Since many of
the end points evaluated also are
related to effects on the parental
reproductive systems, these Guidelines
will be used in conjunction with those to
be published in the future by EPA on
male and female reproductive toxicity.

Study designs should include a high
dose, which produces some maternal or
adult toxicity (i.e., a level which at the
least produces marginal but significantly
reduced body weight, weight gain, or
specific organ toxicity, and at the most
produces no more than 10% mortality); a
low dose, which demonstrates a no
observed effect level (NOEL) for adult
and offspring effects; and at least one
intermediate dose level. A concurrent
control group treated with the vehicle
used for agent administration should be
included. The route of exposure should
be based on expected human exposure
considerations, although data from other
routes may sometimes be useful,
especially if supported by
pharmacokinetic information. Test
animals should be selected based on
considerations of species, strain, age,
weight, and health status, and should be
randomized to dose groups in order to
reduce bias and provide a basis for
performing valid statistical tests.

The next three sections discuss
individual end points of maternal and
developmental toxicity as measured in
the conventional developmental toxicity
study, the multigeneration study, and, on
occasion, in postnatal studies. Other end
points specifically related to
reproductive toxicity will be covered in
the relevant reproductive toxicity

guidelines. The fourth section deals with-

the integrated evaluation of all data,
including the relative effects of exposure
on maternal animals and their offspring,

. which is important in assessing the level:

of concern about a particular agent.

1. End Points of Maternal Toxicity. A
number of end points that may be
observed as possible indicators of
maternal toxicity are listed in Table 1.
Maternal mortality is an obvious end
point of toxicity; however, a number of
other end points can be observed which
may give an indication of the subtle
effects of an agent. For example, in well-
conducted studies, the fertility and
gestation indices provide information on

SNT4008 ONANNIN2D.SEP-96.1707.56)

the general fertility rate of the animal
stock used and are important indicators
of toxic effects if treatment begins prior
to mating or implantation. Changes in
gestation length may indicate effects on
the process of parturition.

Table 1.—End Points of Maternal
Toxlcity

Mortality

Fertility Index (no. with seminal plugs or
sperm/no. matud)

Gestation Index (no. with implants/no.
with seminal plugs or sperm)

Gestation Length (when allowed to
deliver pups)

Body Weight

Treatment days (at least first, middle, 4

and last treatment days)
Sacrifice day
Body Weight Change
Throughout gestation
During treatment (including
increments of time within treatment
period)
Post-treatment to sacrifice
Corrected maternal (body weight
change throughout gestation minus
gravid uterine weight or litter
weight at sacrifice)
Organ Weights (in cases of suspected
specific organ toxicity)
Absolute
Relative to body weight
Food and Water Consumption (where
relevant)
Clinical Evaluaticns (on days of
treatment and at sacrifice)
Types and incidence of clinical signs
Enzyme markers
Clinical chemistries
Gross Necropsy and Histopathology
Body weight and the change in body
weight are viewed collectively as
indicators of maternal toxicity for most
species, although these end points may
not be as useful in rabbits, because
body weight changes in rabbits are not
good indicators of pregnancy status.
Body weight changes may provide more
information than a daily body weight
measured during treatment or during
gestation. Changes in weight during
treatment could occur that would not be
reflected in the total weight change
throughout gestation, because of
compensatory weight gain that may
occur following treatment but before
sacrifice. For this reason, changes in
weight during treatment can be
examined as another indicator of
maternal toxicity.

Changes in maternal body weight
corrected for gravid uterine weight at
sacrifice may indicate whether the effect
is primarily maternal or fetal. For
example, there may be a significant
reduction in weight gain throughout
gestation and in gravid uterine weight,

but no change in ¢orrected maternal
weight gain which would indicate
primarily an intrauterine effect.
Conversely. a change in corrected
welight gain and no change in gravid
uterine weight suggests primarily
maternal toxicity and little or no
intrauterine effect. An alternate estimate
of maternal weight change during
gestation can be obtained by subtracting
the sum of the weights of the fetuses.
However, this weight does not include
the uterine tissue, placental tissue, or
the amniotic fluid.

Changes in other end points should
also be determined. For example,
changes in relative and absolute organ
weights may be signs of a maternal
effect when an agent is suspected of
causing specific organ toxicity. Food
and water consumption data are useful,
especially if the agent is administered in
the diet or drinking water. The amount
ingested (total and relative to body
weight) and the dose of the agent
(relative to body weight) can then be
calculated, and changes in food and
water consumplion related to treatment
can be evaluated along with changes in
body weight and body weight gain. Data
on food and water consumption are also
useful when an agent is suspected of
affecting appetite, water intake, or
excretory function. Clinical evaluations
of toxicity may also be used as
indicators of maternal toxicity. Daily
clinical observations may be useful in
describing the profile of maternal
toxicity. Enzyme markers and clinical

chemistries may be useful indicators of

exposure but must be interpreted
carefully as to whether or not a change
constitutes toxicity. Gross necropsy and

~ histopathology data (when specified in

the protocol) may aid in determining
toxic dose levels.

2. End Points of Developmental
Toxicity. Because the maternal animal,
and not the conceptus, is the individual
treated during gestation, data generally
should be calculated as incidence per
litter or as number and percent of litters
with particular end points. Table 2
indicates the way in which offspring and
litter end points may be expressed.

" Table 2.—End Points of Developmental

Toxiclty

~ Litters with implants

No. implantation sites/dam
- No. corpora lutea (CL)/dam *
-Percent preimplantation loss

{(CL—implantations) x 100 *

CL
No. and percent live offspring/litter
No. and percent resorptions/litter
No. and percent litters with
resorptions
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No. and percent late fetal deaths/litter
No. and percent nonlive (late fetal
deaths +resorptions) implants/litter
No. and percent litters with nonlive
implants
No. and percent affected
(nonlive+ malformed) implants/
litter
No. and percent litters with affected
implants
No. and percent litters with total
resorptions
No. and percent stillbirths/litter
Litters with live offspring ®
No. and percent litters with live
offspring .
No. and percent live offapring/litter
Viability of offspring ¢
Sex ratio/litter
Mean offspring body weight/litter ¢
Mean male body weight/litter
Mean female body weight/litter ¢
No. and percent externally malformed
offspring/litter
No. and percent viscerally malformed
offspring/litter :
No. and percent skeletally malformed
offspring/litter
Nclo and percent malformed offsprlng/
itter
No. and percent litters with
malformed offspring
No. and percent malformed malea/
litter
No. and percent malformed females/
litter
No. and percent offspring with
variations/litter
No. and percent litters having
offspring with variations
- Types and incidence of individual
malformations _
Types and incidence of individual
variations
Individual offspring and their
malformations and variations
(grouped according to litter and
dose) :
Clinical signs ©
Gross necropsy and histopathology

* Important when treatment begins prior to
imptantation. May be difficult in mice.

* Offspring refers both to fetuses observed
prior to term or to pups following birth. The
end points examined depend on the protocol
used for each atudy.

¢ Measured at selected intervals until
termination of the study.

When treatment begins prior to
implantation, an increase in’
preimplantation loss could indicate an
udverse effect either on the developing
blastocyst or on the process of
implantation itgelf. If treatment begins
around the time of implantation (i.e., day
6 of gestation in the mouse, rat, or
rabbit), an increase in preimplantation
loss probably reflects normal variability
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in the animals being used, but the data
should be examined carefully to
determine whether or not the effect is
dose related. If preimplantation loss is
related to dose in either case, further
studies would be necessary to determine
the mechanism and extent of such
effects.

The number and percent of live
offspring per litter, based on all litters,
may include litters that have no live
implants. The number and percent
resorptions or late fetal deaths per litter
gives some indication of when the
conceptus died, and the number and
percent nonlive implants per litter
(postimplantation loss) is a combination
of resorptions and late fetal deaths. The
number and percent of litters showing
an increased incidence for these end
points is generally useful but may be
less useful than incidence per litter
because, in the former case, a litter is
counted whether it has one or all
resorbed, dead, or nonlive implants.

If a significant increase in
postimplantation loss is found after
exposure to an agent, the data may be
compared not only with concurrent
controls, but also with recent historical
control data, since there is considerable
interlitter variability in the incidence of
postimplantation loss (22). If a given
study control group exhibits an
unusually high or low incidence of
postimplantation loss compared to
historical controls, then scientific
judgment must be used to determine the
adequacy of the studies for risk
assessment purposes.

The end point for affected implants

(i.e., the combination of nonlive and

malformed conceptuses) gives an
indication of the total intrauterine
response to an agent and sometimes
reflects a better dose-response
relationship than does the incidence of
nonlive or malformed offspring taken
individually. This is especially true at
the high end of the dose-response curve
in cases when the incidence of nonlive
implants per litter is greatly increased.
In such cases, the malformation rate
may appear to decrease because only
unaffected offspring have survived. If
the incidence of prenatal death or

malformation is unchanged, then the

incidence of affected implants will not

- provide any additional dose-response

information. In studies where maternal
animals are allowed to deliver pups
normally, the number of stillbirths per
litter should also be noted.

The number of live offspring per litter,
based on those litters that have one or
more live offspring, may be unchanged
even though the incidence of nonlive in
all litters is increased. This could occur
either because of an increase in the

number of litters with no live offspring,
or an increase in the number of implants
per litter. A decrease in the number of
live offspring per litter should be
accompanied by an increase in the
incidence of nonlive implants per litter,
unless the implant numbers differ among
dose groups. In postnatal studies, the.
viability of live born offspring should be
determined at selected intervals until,
termination of the study.

The sex ratio per litter, as well as the .
body weights of males and females, can
be examined to determine whether or
not one sex is preferentially affected by
the agent. However, this is an unusual
occurrence.

A change in offspring body weight is a
sensitive indicator of developmental
toxicity, in part because it is a
continuous variable. In some cases,

- offspring weight reduction may be the

only indicator of developmental toxicity;
if 8o, there is always a question
remaining as to whether weight
reduction is a permanent or transitory
effect. A permanent weight change may
be considered more severe than a

_ transitory change, although little is

known about the long-term
consequences of short-term fetal or

neonatal weight changes. When fetal or

neonatal weight reduction is the only
indicator of developmental toxicity, data

- from the two-generation reproduction

study (2). if available, may be useful for

“evaluating these parameters. Ideally,

follow-up studies to evaluate postnatal
viability, growth, and survival through
weaning should be conducted. There are
other factors that should be considered
in the evaluation of fetal or neonatal
weight changes. For example, in
polytocous animals, fetal and neonatal
weights are usually inversely correlated
with litter size, and the upper end of the
dose-response curve may be confounded
by smaller litters and increased fetal or -

. neonatal weight. Additionally, the

average body weight of males is greater
than that of females in the more
commonly used laboratory animals.

Live offspring should be examined for
external, visceral, and skeletal
malformations. If only a portion of the
litter is examined, then it is preferable
that those examined be randomly
selected from each litter. An increase in
the incidence of malformed offspring
may be indicated by a change in one or
more of the following end points: the
incidence of malformed offspring per -
litter, the number ard percent of litters
with malformed offspring, or the number
of offapring or litters with a particular
malformation that appears to increase
with dose as indicated by the incidence
of individual types of malformations.
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Other ways of examining the data

include the incidence of external,
visceral, and skeletal malformations
which may indicate which general
systems are affected. A listing of
individual offspring with their .
malformations and variations may give
an indication of the pattern of
developmental deviations. All of these
methods of expressing and examining
the data are valid for determining the
effects of an agent on structural
development. However, care must be
taken to avoid counting offspring more
than once in evaluating any single end
point based on number or percent of
offspring or litters. The incidence of
individual types of malformations.and
variations should be examined for
significant changes which may be
masked if the data on all malformations
and variations are pooled. Appropriate

historical control data are helpful in the -

interpretation of malformations and

variations, especially those that

normally occur at a low incidence
apparently unrelated to dose in an
individual study. Although a dose-
related increase in malformations is
interpreted as an adverse
developmental effect of exposure to an
agent, the significance of anatomical
variations is more difficult to determine,
and must take into account what is
known about developmental stage (e.g..
with skeletal ossification), background
incidence of certain variations (e.g., 12
or 13 pairs of ribs in rabbits), or other
strain- or species-specific factors.

However, if variations are significantly

increased in a dose-related manner,
these should also be evaluated as a
possible indication of developmental

" toxicity. The Interagency Regulatory

Liaison Group noted that dose-related
increases in defects, which may occur
spontaneously, are as relevant as dose-
related increases in any other .
developmental toxicity end points (23).
3. Functional Developmental
Toxicology. Developmental effects,
which are inducible by exogenous
-agents, are not limited to death,
structural abnormalities, and altered
growth. Rather, it has been
demonstrated in a number of instances
that subtle alterations in the functional
competence of an organ or a variety of
organ systems may result from exposure
during critical developmental periods

that may occur between conception and

sexual maturation. Often, these
1.ctional defects are observed at dose
levels balow those at which gross
malformations are evident (24). At
present, such testing is not routinely
required in the United Siates. However,
data from postnatal studies, when
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available, are considered very useful for
the assessment of the relative
importance and severity of findings in
the fetus and neonate. Often, the long-
term consequences of adverse

- develcpmental outcomes at birth are

unknown, and further data on postnatal
development and function may
contribute valuable information. When

‘regulatory statutes permit, studies

designed to evaluate adverse fetal or
neonatal outcomes have been requested
{e.g., the Office of Pesticide Programs
has sometimes requested postnatal
studies where the reversibility of study
findings were at issue). In some cases,
useful data can be derived from well-
executed multigeneration studies.

" Much of the early work in functional
developmental toxicology was related to
behavioral evaluations, and the term
“behavioral teratology” became
prominent in the mid 1870s. Less work
has been done on other functional
systems, but sufficient data have
accumulated to indicate that the
cardiopulmonary, immune, endocrine,
digestive, urinary, nervous, and
reproductive systems are subject to
alterations in functional competence (25,
28). Currently, there are no standard
testing procedures, although some
attempts are being made to standardize
end evaluate tests and protocols (27).
The functional evaluation of specific
systems often involves highly
specialized training and equipment. The
routine use of such test procedures may
not always be practical, but may be

-extremely important in determining the
. nature of a suspected alteration in terms

of its biological significance and dose-
response relationship.

The interpretation of data from
functional developmental toxicology
studies is limited due to the lack of
knowledge about the underlying
toxicological mechanisms and their
significance. However, since such data
are sometimes encountered in the riok
assessment of particular agents, some
guidance is provided here concerning
general concepts of study design and
evaluation.

a. Several aspects of study design are
similar to those important in standard
-developmental toxicity studies (e.g., a
dose-response approach with the
highest dose producing minimal overt
maternal or perinatal toxicity, number of
litters large enough for adequate
statistical power, randomization of
animals to dose groups, litter generally
considered the statistical unit, etc.).

b. A replicate study design provides
added confidence in the interpretation
of data.
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c. Use of a pharmacological challenge
may be valuable in evaluating function
and "“unmasking” effects not otherwise
detectable, particularly in the case of
organ systems that are endowed with a
reasonable degree of functional reserve
capacity.

d. Use of functional lests with a
moderate degree of background
variability may be more sensitive to the
effects of an agent than are tests with
low variability that may be impossible
to disrupt without being life-threatening.
Butcher et al. (28) have discussed this

“with relation to behavioral end points.

e. A battery of functional tests usually
provides a more thorough evaluation of
the functional competence « { an animal;
tests conducted at several ages may
provide more information about
maturational changes.

f. Critical periods for the disruption of
functional competence include both the
prenatal and the postnatal periods to the
time of sexual maturation, and the effect
is likely to vary depending on the time
and degree of exposure.

Although interpretation of functional
data may be difficult at present, there
are at least three ways in which the data
from these studies may be useful for risk
assessment purposes: (1) to help

elucidate the long-term consequences of

fetal and neonatal findings; (2} to
indicate the potential for an agent to
cause functional alterations, and the

. effective doses relative to those that

produce other forms of toxicity; and (3)
for existing environmental agents, to

focus on organ systems to be evaluated .

in exposed human populations.

4. Overall Evaluation of Maternal and
Developmenta. Toxicity. As discussed
previously, individual end points are
evaluated in developmental toxicity
studies, but an integrated evaluation
must be done considering all maternal
and developmental end points in order
to interpret the data fully.
Developmental toxicity is considered to
be an increase in the incidence of
malformed offspring, decreased viability
(prenatal or postnatal), altered growth,
and/or functional deficits.

The level of concern fora .
developmental toxic effect is related to
several issues, including the relative .
toxicity of an agent to the offspring .
versus the adult animal, and the long-
term consequences of findings in the
fetus or neonate. Those agents which
produce developmental toxicity a1
dose that is not toxic to the matern.i.
anima! are of greatest concern beca:~
the developing organiam appears to |
selectively affected or more sensitive
than the adult. However, when
developmental effects ara produced on'.
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at maternally toxic doses, the types of
developmental effects should be
examined carefully, and not disccunted
as being secondary to maternal toxicity.
Current information is inadequate to
assume that developmental effects at
maternally toxic doses result only from
the maternal toxlcity; rather, when the
lowest observed effect ievel is the same
for the adult and developing organisms,
it may simply indicate that both are
sengitive to that dose level. Moreover,
the maternal effects may be reversible
while effects on the offspring may be
permanent. These are important
considerations for agents to which
humans may be exposed at minimaily
toxic levels either voluntarily or in the
workplace, since several agents ars

. known to produce adverse

developmental effects at minimally toxic
doses in adult kumaps (e.g., nmoldng.
alcobol).

Approaches for ranking agents for
their selective developmental toxicity
are being developed; Schardein (10) han
reviewed several of these. Of current
interest are approaches that develop
ratios relating an adult toxic dose to a
developmental toxic dose (29, 30, 31, 32).
Ratios near unity indicate that
developmental toxicity occurs only at
doses producing maternal toxicity; as -

- the ratio increases, there is a greater

likelihood of developmental effects
occurring withoul maternal
manifestations. Although further
exploration and validation are
necessary, such approaches rnay
ultimately help in identifying those
agents that pose the greatest threat and
should be given higher priority for .
further testing (33).

5. Short-term Testing in
Developmental Toxicity. The need for
short-term tests for developmental
toxicity has arisen from the large
number of agents in or entering the
environment, the interest in reducing the
number of animals used for routine
testing, and the expense of testing. Two
approaches are considered here in terms
of their contribution to the overall
testing process: (1) An in vivo
mammalian screen, and (2) a variety of
in vitro systems. Currently, neither
approach is considered as a replacement
for routine jn vivo developmental
toxicity testirg in experimental animals,
and should not be used to make the final
decision as to whather an agentis a
positive or negative developmental
toxicant; rather, such tests may be
useful as tools for assigning priorities for
further, more extensive testing. Although
such short-term tests are not routinely
required, data are sometimes
encountered in the review of chemicals;
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the comments are provided here for
guidance in the evaluation of such data.

a. In Vivo Mammalian Developmental
Toxicity Screen. The most widely
studied in vivo approach is that

developed by Chernoff and Kavlock (34)

which uses the pregnant mouse. This
approach is based on the hypothesis
that a prenatal injury, which results in
altered developmeut, will be manifested
postnatally a2 reduced viability and/or
impuired growth. In general, the test -
substance is administered over the
period of major organogenesis at a
single dose level that will elicit some
degree of matemal toxicity. A second
lower dose level may be used which
potentially will reduce the chances of
false positive results. The pups are
counted and weighed shortly after birth,
and again after 3-4 days. End points that
are considered in the evaluation include:
general maternal toxicity (including
survival and weight gain), litter size, and
viability, weight, and gross
malformations in the offspring. Basic
priority-setting categories for more
extensive testing have been suggested:
(1) agents that induce perinatal death
should receive highest priority, (2)
agents inducing perinalal weight
changes should be ranked lower in
pricrity, and (3) agents inducing no
effect should receive the lowest priority
(34). Another scheme that has been
proposed applies a numerical ranking to
the results as a means of prioritixing
agents for further testing (35, 38).

The mouse was chosen originally for

this test because of ita low cost, but the -

procedure should be easily applicable to
other species. However, the test will
only predict the potential for
developmental toxicity of an agent in
the species utilized and does not
improve the ability to extrapolate risk to
other species, including humans. The
Office of Toxic Substances has
developed testing guidelines for this
procedure (37). Although the testing
guidelines are available, such
procedures are not routinely required,
and further validation is currently being

. carried out (38).

b. In Vitro Developmental Toxlclty
Screens. Test systems that fall under the
general heading of “in vitro”
developmental toxicity screens include
any system that employs a test subject
other than the intact pregnant mammal.
These systems have long been used to
assess events associated with normal
and abnormal development, but only
recently have they been considered for
their potential as screens in tsoting (39,
40, 41), Many of these systems are now
being evaluated for their ability to
predict the developmental toxicity of

various agents in intact mammalian
systems. This validation process.
requires certain considerations in study
design, including defined end points for
toxicity and an understanding of the
system's ability to handle various test
agents {40, 42). A list of agents for use in

 such validation studies has been

developed (43).

8. Statistical Considerations. In the
assessment of developmental toxicity
data, statistical considerations require
special attention. Since the litter is
generally considered the experimental
unit in most developmental toxicity
studies, the statistical analyses should

be designed to analyze the relevant data

based on incidence per litter or on the
number of litters with a particular end
point. The analytical procedures used
and the results, as well as an indication
of the variance in each end point, should
be clearly indicated in the presentation
of data. Analysis of variance (ANOVA)
techniques. with litter nested within
dose in the model, take the litter
variable into account but allow use of
individual offspring data and an
evaluation of both within and between
litter variance as well as dose effecta.
Nonparametric and categorical
procedures have also been widely used
for binomial or incidence data. In
addition, tes*s for dose-response trends
can be applied. Although a single
statistical approach has not been agreed
upon, a number of factors important in
the analysis of developmental toxicity -
data have been discussed (23, 44).
Studies that employ a replicate
experimental design (e.g., two or three
replicates with 10 litters per dose per

replicate rather than a single experiment -

with 20-30 litters per dose group) allow
for broader interpretation of study
results since the variability between
replicates can be accounted for using
ANOVA techniques. Replication of
effects due to a given agent within a

- study, as well as between studies or

laboratories, provides added strength in
the use of data [or the estimation of risk.
An important factor to determine in
evaluating data is the power of a study
(i.e., the probability that a study will
demonstrate a true effect), which is
limited by the sample size used in the
study, the background incidence of the
end point observed, the variability in the
incidence of the end point, and the
analysis method. As an example, Nelson
and Holson (45) have shown that the

- number of litters needed to detect a § or

10% change was dramatically lower for

fetal weight (a continuous variable with

low variability) than for resorptions {a
binomial response with high veriability).
With the current recommendation in
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testiny protocols being 20 rodents per
dose group (2, 3), it is possible to detect
an increased incidence of malformations
in the range of 5 to 12 times above
control levels, an increase of 3 to 6 times
the in utc.ro death rate, and a decrease

" 0f 0.15 t; 0.25 times the fetal weight.

Thus, e sen within the same study. the
ability to detect a change in fetal weight
is much greater than for the other end
points measured. Consequently, for
statistical reasons only, changes in fetal
weight are often observable at doses
below those producing other signs of
developmental toxicity. Any risk
assessment should present the detection
sensitivity for the study design used and
for the end point(s) evaluated.

Although statistical analyses are
important in determining the effects of a
particular agent, the biological
significance of data should not be
overlooked. For example, with the
number of end points that can be
observed in developmental toxicity
studies, a few statistically significant
differences may occur by chance. On the
other hand, apparent trends with dose
may be biologically relevant even
though statistical analyses do not

.indicate a significant effect. This may be

true especially for the incidence of
malformations or /n utero death where a
relatively large difference is required to
be statistically significant. It should be
apparent from this discussion that a
great deal of scientific judgment based
on experience with developmental
toxicity data and with principles of
experimental design and statistical
analysis may be required to adequately
evaluate such data.

" B. Human Studies

Because of the ethical considerations
involved, studies with deliberate dosing
of humans are not done. Therefore,
dose-effect developmental toxicity data
from humans are limited to those
available from occupational,
environmental, or therapeutic
exposures. While animal studies provide
dose-response data that can be used in
the extrapolation of risk to humans,
good epidemiologic data provide the
b”kt information for ‘assessing human
ris

The category of “human studies”
includes both epidemiologic studies and
other reports of cases or clusters of
events. V/hila case reports have been
important in identifying several human
teratogens, thev are potentially of
greater value in identifying topics for
further investigation (48). The data from
cane reporis are often of an anecdotal or
highly selected nature, and thus are of
limited usefulness for risk assessment

. except when a unique defect is
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produced, as with thalidomide, or when
the agent is so potent as to greatly
increase the incidence of a particular
defect(s).

As there are many different designs
for epidemiologic studies, simple rules
for their evaluation do not exist. The
assessment of epidemiologic studies
requires a sophisticated level of
understanding of the appropriate
epidemiologic and statistical methods
and interpretation of the findings.
Factors that increase a study's
usefulness for risk assessment include
such things as the examination of
multiple end points and exposure levels,
the validity of the data, and proper
control of other risk factors, effect
modifiers, and confounders in the study
design and/or analysis. A more in-depth
discussion can be found elsewhere (47).

As described earlier, a single
developmental toxicant can result in
multiple end points (malformations,
functional impairment, altered growth,
and/or lethality). These end points can
be thought of as sequential competing
risks. For example, a malformed fetus
spontaneously aborted would not be
observed in a study of births with
malformations (48). Very early
conceptus losses may not be identified
in human populations, whereas in most
laboratory animal studies, all resorption
sites can be identified. Many
epidemiologic studies, especially of the
case-control design, have focused on
one end point, possibly missing a true
effect of exposure. Furthermore, some
studies have selected one type or class
of malformations to study. Since an
agent can resull in different spectra of
malformations following exposure at
different times in the pregnancy (49),

limiting a study to one class of

malformation may give misleading
results. Malformations can be
meaningfully grouped cnly if there is a
logical underlying teratogenic
mechanism or pathogenetic pathway. As
a minimum, malformations,
deformations, and disruptions should be
separated.

The power, or probability of a study

to detect a true effect, is dependent upon

the size of the study group, the
frequency of the outcome in the general
population, and the level of excess risk
to be identified. Rarer outcomes, such as
malformations, require thousands of
pregnancies to have a high probability
of detecting an increase in risk. More
common outcomes, such as fetal loss,
require hundreds of pregnancies to have
the same probability (8, 23, 50, 51, 52,
53). The confidence one has in the
resulls of a study with negative findings
is directly related to the power of the
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study to detect clinically meaningful
differences in incidence for th:e end
points studied. _

As in animal studies, pregnancies
within the same family (or litter) are not
independent events. In animal studies,
the litter is generally used as the unit of
measure. This approach is difficult-in
humans since the pregnancies are
sequential, with the risk factors
changing for the different pregnancies
(23, 51, 54). If more than one pregnancy
per family is included, and this is often
necessary due lo small study groups, the
use of non-independent observations
overestimates the true size of the
population at risk and artificially
increases the significance level (Z4).

Other criteria for evaluating
epidemiologic studies include the
following (23, 50, 52, 55, 58, 57, 58):

1. The ootential for complete or
relatively complete ascertainment of
events for study. This can vary by
outcome and by data source; for
example, if hospital records are used.

-early fetal losses will be

underascertained, but a more complete
list of pregnancies could be obtained by
interviewing the women. Congenital
malformations can be more completely
ascertained using hospital records than
birth certificates. Studies with relatively
complete ascertainment of events, or at
least low probability of unbiased
ascertainment, should carry more
weight.

2. Validity {accuracy) of the aata.
Recall of past events in interviews may
be faulty, while hospital files contain
data recorded at the time of the event
(but may be incompletej. Validation of
interview data with an independent
source, where possible, increases

" confidence in the results of the study. -

3. Collection of data on other risk
factors, effect modifiers, and
confouniders. Data on smoking, alcohol
consumption, drug use, and
environmental and occupaticnal
exposure, etc., during pregnancy should
be examined and controlled for in the
study design and/or analysis where '
appropriate. The analytic techniques -
used to control these factors require
careful consideration in their application
and interpretation. :

C. Other Considerations

1. Pharmacokinetics. Extrapolation of
data between species can be aided
considerably by the availability of dat.
on the pharmacokinetics of a part:c. :
agent in the species tested and, if
possible, in humans. Information on
half-lives, placental metabolism and
transfer, and concentrations of the
parent compound and metabolites in the
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maternal animal and conceptus may be
useful in predicting risk for
developmental toxicity. Such data may
also be helpful in defining the dose-
response curve, developing a more
accurate comparison of species
sensitivity including that of humans (59,
60). determining dosimetry at target
sites, and comparing pharmacokinetic
profiies for various dosing regimens or
routes of exposure. Pharmacokinetic
studies in developmental toxicology are
most useful if conducted in pregnant
animals at the stage when
developmental insults occur. The
corr. lation of pharmacokinetic
parameters and developmental toxicity
data may be useful in determining the
contribution of specific pharmacokinetic
parameters to the effects observed (61).
2, Comparisons of Molecular
Structure. Comparisons of the chemical
or physical Hroperties of an agent with
those of known developmental toxicants
may provide some indication of a
potential for developmental toxicity.
Such information may be helpful in
setting priorities for testing of agents or
for evaluation of potential toxicity when
only minimal data are available.
Structure/activity r~'ationships have not
been well studied in developmental
toxicology, although data are available
that suggest structure-activity
relationship~ for certain classes cf
chemicals (e.g., glycol ethers, steroids,
retinoids). Under certain circumstances
(e.g.. in the case of new chemicals), thig
is one of several procedures used to
evaluate the potential for toxicity when
little or no data are available.

D. Weight-of-Evidence Determination

Information available from studies
discussed previ-usly, whether indicative
of potential concerii or not, m 1t be
evaluated and factored into {ne risk
assessment. The types of data may vary
f-om chemical to chemical, and certain
types of data may be more relevant than
other types in performing developmental
toxici‘y assessments. The primary
consiuerations are the human data
(which are seldom available) and the
exper‘mental animal data. The
qualitative assessment for
developmental toxicity should include
statements conceming the quality of the
data, the resolving power of the studies,
the number and types of end noints
examined, the relevance of route and
timing of exposure, the appropriateness
of the dose selection, the replicetion of
the effects, the number of spacies -
examined, and the availability of human
case reports, case series, and/or
epidemiol “gic study data. In addition,
pharmacokinetic data and structure-
activity considerations, as well as other
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factors that may affect the quality,
should be taken into account. Therefore,
all data pertinent to developmental
toxicity should be examined in the
evaluation of a chemical's potential to
cause developmental toxicity in humans,
and sound scientific judgment should be
exercised in in.erpreting the data in
terms of the risk for adverse human
developmental health effects.

1V. Quantitative Assessment

Risk assessment involves the
description of the nature and often the
magnitude of potential human risk,
including a description of any attendant
uncertainty. In the final phase of the risk
assessment (risk characterization), the
results of the qualitative evaluation
(hazard identification), the dose-
response, and the exposure assessments
are combined to give qualitativc and/or

. quantitative estimates of the

developmental toxicity risk. A summary
of the strengths and weaknesses of the
hazard identification, dose-response
assessment, and exposure assessment
should be discussed. Major
assumptions, sciertific judgments, and,
to the extent possible, estimates of the
uncertainties in the assessment &lso
should be presented.

A. Dose-Response Assessment

When quantitative human dose-effect
data are available and with sufficient
range of exposure, dose-response
relationships may be examined.
However, such data have rarely been
available; thus, other methods have
been used in developmental toxicology
for estimeting exposure levels that are
unliknly to produce adverse effects in
humans. The dose-response assessment
is usually based on the evaluation of
tests performed in laboratory animals.
Evidence for a dose-response
reletionship is an important criterion in
the essessment of developmental
toxicity, a'though this may be based on

limited da’a from standard three-dose

studies. As mentioned earlier (section

L A. 2.), however, traditional dose-

response relationships may not always
be observed for some end points. For
example, as the exposure level rises,
embryo/fetolethal levels may be
reached, resulting in an observed
decrease in malformations with
increasing dose {49, 51). The potential
for this relationship indicates that dose-
response relationships for individval
end points as well as combinations of
end points (e.g., dead and malformed
combined) must be carefully examined
and interpreted. -

Although dose-response data are

 Important in this area, the approaches
frequently employed in attempts to
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extrapolate to humans has invulved
simply the use of uncertainty (safety)
factors and mergins of safety, which in
some respects are conceptually similar.
However, uncertainty factors and
margins of safety are computed
differently and are often used in
different regulatory situations. The .
choice of approach is-depeiudent upon
many factors ncluding the statute
involved, the situation being addressed,
the data base used, and the needs of the
decision-maker. The final uncertainty
factor used and the acceptability of the
margin of e~fety are risk management
decisions, but the scientific issues that

- must be taken into account are

addressed here.

The uncertainty factor approach
results in a calculated exposure level
believed to be unlikely to cause any
toxic developmental response in
humans. The size of the uncertainty
facter will vary from agent to agent and
will require the exercise of scientific
judgment (10, 62), taking into account
interspecies cifferences, the nature and
extent of human exposure, the slope of
the dose-response curve, the types of
uevelopmental effects observed, and the
relative dose levels for maternal and
developmental toxicity in the test
species. The uncertainty factor selected
is then divided into the NOEL for the
most sensitive end point obtained from
the most appropriate and/or sensitive
mammalian species examined to obtain
an acceptable exposure level. Currently,
there is no one laboratory animal
species that can be considered most
appropriate for predicting risk to
humans (10). Each agent should be
coraidered on a case-by-case basis.

Tue margin of safety approach derives
a ratio of the NOEL from the most
sensitive species to the estiraated
human exposure level from all potential
sources (63). The adequacy of the
margin of safety is then considered,
based on the weight of evidence,
including the nature and quality of the

hazard and exposure data, the number -

of species affected, dose-response

~ relationships, and other factors such as

benefits of the agent.

Although the standard sludy design
for a developmental toxicity s’..dy calls
for a low dose that demonstrates a
NOEL, there may be circumstances
where a risk assessment is based on the

" results of a study in which a NOEL for

developmental toxicity could not be
identified. Rather, the lowest done
administered caused significant effect(s)
and was iaentified as the lowest «
observed effect level (LOEL). In
circumstar.ces where only a LOEL is
available, it may be appropriate to apply
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an additional uncertainty factor. The
magnitude of this additional factor is
dependent upon scientific judgment. In
some instances, additional studies may
be needed to strengthen the confidence
in this additional uncertainty factor.

B. Exposure Assessment

The results of the dose-response
assessment are combired with an
estimate of human exposure in order to
obtain a quantitative estimate of risk.
The Guidelines for Estimating Exposures
are published separately (84) and will
not be discussed in detail here. In
general, the exposure assessment
describes the magnitude, duration,

.schedule, and route of exposure. This

information is developed from
monitoring data and from estimates
based on modeling of environmental
exposures. Unique considerations
relevant to developmental toxicity are
duration and period of exposure as
related to stage of development (i.e.,
critical periods), and the possibility that
a single exposure may be sufficient to
produce adverse developmental effects
(i.e., ckronic exposure is not a necessary
prerequisite for developmental toxicity
to be manifested). Also, it should be’
recognized th9! exposure of almost any
segment of the humen population (i.e.,
fertile men and women, the conceptus,
and the child up to the age of sexual
maturation) may lead tc risk to the .
developing organism.

Data on exposure to humans may be
qualitative or quantitative. The
qualitative data could be surrogate data,
such as employment or residence
histories; quantitative or dose data are
frequently not available. Exposures at
different stages of the reproductive
process can result in different outcomes
{49). In laboratory studies, these time
periods can be carefully controlled. In
human studjes, especially retrospective
ones, linking of specific time periods
and specific exposures, even on a
qualitative level, may be difficult due to
errors of recall or record keeping (where
records are available). The increased
probability of misclassification of
exposure status may affect the ability of
a study to recognize a true effect (8, 23,
52, 85, 66).

Exposure may be defined at.a specific
point in time, or the cumulative lifetime
exposure up to a specific point in time.
Each of these definitions carries an
implicit assumption about the
underlying relationehip between
exposure and ouicome. For example, a
cumulative exposure measure assumes
that total liietime exposure is important,
with a greater probability of effect with
greater t¢al exposure; a dichotomous
axposure measure (ever exposed versus

S-074999.  0046(02)(22-SEP-86-17:08:12)

never exposed) assumes an irreversible
effect of exposure; and exposure at a
specific time in the reproductive process
assumes that only concurrent exposure
is important. The appropriate exposure
depends on the outcome(s) studied, the
biologic mechanism affected by
exposure, and the half-life of the
exposure. Unbiased misclassification of
exposure, due either to poor data or lo
an inappropriate exposure variable, may
result in missing an effect of the agent
under study.

C. Risk Characterization

Many uncertainties have been pointed
out in these Guidelines which are ,
associated with the toxicological and
exposure components of risk
assessments in developmental
toxicology. In the past, these
uncertainties have often not been
readily apparent or consistently
presented. The presentation of any risk
assessment for developmental toxicity
should be accompanied by statements
concerning the strength of the hazard
evaluation (see section III. D. for more
detail) as well as dose-response
relationships, estimates of human
exposure, and any other factors that
affect the quality and precision of the
assessment. The dose-response and
exposure data are combined to estimate
risk based on a NOEL for any adverse
developmental effect. The uncertainty
factor selected or margin of safety

_calculated should be sufficiently

qualified as to the assumptions used and
the accuracy of the estimates.

At present, there are no mathematical
models that are generally accepted for
estimating developmental toxicity _
responses below the applied dose range.
This is due primarily to a lack of
understanding of the biological
mechanisms underlying developmental
toxicity. intra/interspecies differences in
the types of developmental events, the
influence of maternal effects on the

dose-response curve, and whether or not -

a threshold exists below which no effect
will be produced by an agent. Many
developmental toxicologists assume a
threshold for most developmental
effects; this assumption is based largely
on the biological rationale that the
embryo is known to have some capacity
for repair of the damaga or insult (48),
ard that most developmental deviations
are probably multifactorial in nature
(67). The existence of a NOEL in an
aniraal study does not prove or disprove
the existence or level of a true threshold;
it only defines the highest level of
exposure under the conditions of the test
that are not associated with a significant
increase in effect, The use of NOELs and
uncertainty factors or margins of safety

F4701.FMT...[18,30)...4-15-88

are atlempts to ensure that the
allowable levels are below those that
will produce a significant increase in
developmental effects.

Discussions of risk extrapolation
procedures have noted that further work

. is needed to improve mathematical tools

for developing estimates of potential
human developmental risk (62, 68).
Gaylor (69) has suggested an approuch

for controlling risk that combines Yhe

use of mathematical models for luw-
dose estimation of risk with the
application of an uncertainty factor
based on a preselected level of

allowable risk. This approach is similar .

to approaches proposed for
carcinogenesis, but does not preclude
the possibility of a threshold, and may
provide a more quantitative approach to
controlling risk. Several such
approaches are being examined. For the

_ most part, the Agency will continue to

use uncertainty factors and margins of .

- safety as described above. Other

appropriate methods for expressing risk
are being sought and will be applied if
considered acceptable.

These Guidelines summarize the
procedures that the U.S. Environmental
Protection Agency will follow in
evaluating the potential for agents to
cause developmental toxicity. These
Guidelines will be reviewed and
updated as advances are made in the
field, since it is evident that our ability
to evaluate and predict human
developmental toxicity is imprecise.
Further studies that (1) delineate the
mechanisms of developmental toxicity
and pathogenesis, (2) provide

comparative pharmecokinetic data, and

(3) eiucidate the functional modalities
that may be altered by exposure to toxic
agents will aid in the interpretation of

“data and interspecies extrapolation.

These types of studies, along with
further evaluation of the relationship

between maternal and fetal toxicity and

the corcept of a threshold in

developmental toxicity, will provide for

the development of improved
mathematical models to more preciscly
assess risk.
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Part B: Responso to Public and Sclence
Advisory Board Comments

1. Introduction

This section summarizes some of the
issues raised in public comments on the
Proposed Guidelines for the Health
Assessment of Suspect Developmental
Toxicants published November 23, 1984
{49 FR 48324). Comments were received
from 44 individuals or organizations.
The Agency's initial summary of
comments was presented to the
Developmental Toxicity Guidelines
Panel of the Science Advisory Board
(SAB) at its organizational meeting on
March 4, 1885. At its April 22-23, 1985,
meeting, the Panel provided the Agency
with its suggestions and
recommendations concerning the
Guidelines.

The SAB and public comments were
diverse and addressed issues from a
variety of perspectives. In general, the
comments were favorable and in

~ support of the Guidelines. The SAB

Panel noted that the field of
developmental toxicology is particularly

‘weak with respect to quantitative

assessment and recommended that
further efforts be given to developing
alternative methods for quantitative
estimates of risk for developmental
toxicity. They also indicated that further

_ discussion of the relationship of
maternal toxicity to fetal toxicity could

be added. Concern was expressed that
these Guidelines be ccordinated with
the reproductive toxicity guidelines
which are currently being developed.

In response to the comments, the
Agency has modified or clarified many
rections of the Guidelines. For purposes
of this discussion, only the most
significant issues reflected by the public
and SAB comments are discussed.
Se¢veral minor recommendations, which
do not warrant discussion here, were
considered by the Agency in the
revision of these Guidelines.

JI, Coordination With Other Guiclelinc:s
A. Other Risk Assessment Guide'ines

Several commentors raised concerns
about aspects of developmental toxicity
{=.8.. paternally-madiated effects, effects
of subchronic exposures, transplacental
carcinogenesls, etc.) that were not
covered in these Guidelines, and how
these Guidelines will integrate with
those on male and female reproductive
toxicity which are still under
develr; -+ wt.

The Guidelines have been revised to
indicate thet developmental toxicity
may result from several different types
of exposure, including parsntal exposure
prior to conception, acute or subacute
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exposure during organogenesis,
perinatal and postnatal development to
the time of sexual maturation, or
subchronic exposure as would be the
cage in multigeneration studies. These
Guidelines provide information for
interpreting developmental effects
related to any of the types of exposure
mentioned above. End points of
developmental toxicity, which are .
measured in multigeneration studies,
have been added to Table 2 and
discussed in the text. Transplacental
carcinogenesis, although considered a
developmental effect, will be evaluated
and assessed in terms of human risk
according to the Guidelines for
Carcinogen Risk Assessment. Careful
atlention will be paid to integrating
these developmental toxicity risk
assessment Guidelines and the male and
female reproductive toxicity risk
assessment guidelines, which are
currently being written, so that
overlapping material is not in conflict,
and no pertinent information is
overlooked. Since the developmental
and reproductive toxicity guidelines are
being developed by Agency committees
that have overlapping membership
within the Agency, such integration will
be ensured.

B. Coordination With Testing Guidelines

Several commentors indicated that
these Guidelincs did not make clear
enough the fact that testing guidelines
are already in place and that these
guldelines were intended only for the
purposes of risk assessment.

The Guidelines have been revised to
indicate that they do not constitute any
changes in current testing guidelines, but
rather they are intended to provide
guidance for the interpretation of studies
that follow the testing guidelines. In
addition, limited information is provided
for interpretation of other studies (e.g..
functional developmental toxicity
studies and short-term tests) which are

not routinely required or for which there

are no current teating guidelines, but
which may be encountered when
reviewing data on particular agents.

1Il. Definitions

Several questions were raised about
definitions of terminology, due to lack of
clarity or inconsistency with other parts
of these Guidelines or the testing
guidelines.

As indicated in the Guidelines, there.

are differences in the use of terms in the

field of developmental toxicology, and!
the terms have been defined s0 that th.
reader may understand how the terms
are Leing used. Several minor changes
in the definitions have been made to
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make them more consistent. For
example, the definition for
developmental toxicology has been
expanded to include the wide range of
exposure situations that may resull in
developmental effects. The term
functional teratology has been changed
to functional developmental toxicology,
and the term teratogenicity has L een
discussed in the seclion on
malformations and variations.

IV. Qualitative Assessment

A. Maternal and Developmental
Toxicity

Several commentors noted the need
for a better discussion of how maternal
toxicity affects the evaluation of
developmental toxic effects.

The Agency has taken the approach in,

these Guidelines of discussing in detail
the individual end points of maternal -
and offspring toxicity, then giving
guidunce relating to an overall
evaluation of the data in l-ert A, section
I111.A 4. This approach is con::stent with
the philosophy reflected in the
Guidelines as follows: Those agents that
cause de. clopmental effects at doses
lower than thos2 causing maternal
toxicity ar» o 2~:at28t concern, but
developments: atfects at doses that also
produce matern! tuxicity shoud not be
discounted as ser. :nurry to maternal
effects. Rather, «:iicu the lowest
observed effect levei (LOEL) is the same
for maternal and developmental
toxicity, it may indicate similar
sensitivities to the agent, and maternal
effects may be reversible while
developmental effects may be
permanent.

B. Functional Developmental Toxicity

Several commentors raised concern
about the premature use of functional
data in the risk assessment process. On
the other hand, the SAB Panel felt that
these tests were very valuable in
assessing developmental toxicity.

S-074999 0049(02)(22-SEP-86-17:08:20)

The Agency does not routinely require
such testing, and these Guidelines do
not suggest requirements. However, in
the review of data on existing
chemicals, such data are sometimes
encountered and must be evaluated by

- the Agency. The discussion in the

Guidelines is intended to delineate the
current state of the art, and ‘o indicate
to what extnnt the data currertly may
be used for risk £.8sessment purposes.

C. Short-Term Testing

Several commentors stressed the need
for further refinement, validation, and
comparative testing to determine the
credibility of short-term tests for
developmental toxicity. The
appropriateness of single dose level
screens for the purpose of prioritization
war endorsed by the SAB Panel with the

reservation that too many false positives
might occur, and that positive agents in

these screens would be permanently
labelled as positive developmental
toxicants.

Since data from these types of test

- procedures may be encountered in the

assessment of chemicals, the Agency
felt it appropriate to give guidance as to
how these should be evaluated. The
Guidelines have been revised to clearly
indicate that these tests are not
routinely required, should not be
considered as a replacement for routine
in vivo developmental toxicity testing in
mammals, and should not be used to

make the final decision as to whether an

agent is a positive or negative
developmental toxicant.

D. Comparisons of Molecular Structure -

Comments suggested that not much is
known about structure-activity
relationships for developmental
toxicants, and that this proce 'ure
should not be used except in the case of
hormone analogs.

A statement has been added to
indicate that structure-activity

i n\g'rm[«‘rl} mMny Aanpn

relationships have not been well-studied
in developmental toxicology, but under
certaln circumstances, e.g., in the case of
the premanufacturing notice process
(TSCA. section 5), the evaluation of
molecular structure is one of several
procedures used by the Agency to

- evaluate potential toxicity and to -

support requests for testing of new
chemicals.

V. Quantitative Assessment

Most comments related to the
appropriateness of using uncertainty
(safety) factors, margins of safety, and

no observed effect levels (NOELs). Some

commentors feit that the concept of
threshold was not adequately discussed
in the Guidelines.

These Guidelines are intended to
reflect current Agency policy and
practice. Although more quantitative
assessment of developmental toxicity
data are desirable, and efforts are
currently ongoing within the Agency to
evaluate other approaches, the current
practice is to use the NOEL (or the LOEL
if a NOEL is not available}, and to apply
an uncertainty factor or to calculate the
margm of safety. This practice is based.
in large part on the lack of
understanding of the biological
mechaniams involved. The uncertainty
factor used or acceptability of the
margin of safety are considered risk
management decisions, but the scientific
issues that must be taken into account
are discussed in these Guidelines. An
experimentally determined NOEL does
not prove or disprove the existence of a
threshold, although many developmental
toxicologists assume a threshold for
most developmental effects because of
known repair capabilities in developing
systems and the fact that many
developmental alterations are
multifactorial in nature.

[FR Doc. 86-1905 Filed 8-23-86; 8:45 a.m.]
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" ENVIRONMENTAL PROTECTION
AGENCY

(FRL-2984-4)

Guldelines for Estimating Exposures

Aaency: U.S. Environmental Protection
Agency (EPA).

ACTION: Final Guidelines for Estimatins
Exposures.

SUMMARY: The U.S. Environmental

Protection Agency is today issuing five

guidelines for assessing the health risks

of environmental pollutants. These are:

Guidelines for Carcinogen Risk
Assessment

Guidelines for Estimating Exposures

Guidelines for Mutagenicity Risk
"Assessment

Guidelines for the Health Assessment of
Suspect Developmental Toxicants

Guidelines for the Health Risk
Assessment of Chemical Mixtures

This notice contains the Guidelines for
Estimating Exposures; the other
guidelines appear elsewhere in today's

Federal Register.

- The Guidelines for Estimating
Exposures (hereafter “Guidelines’) are
intended to guide Agency analysis of
exposure assessment data in line with
the policies and procedures established
in the statutes administered by the EPA.
These Guidelines were developed as
part of an interoffice guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA) in
the Agency's Office of Research and
Development. They reflect Agency.
consideration of public and Science
Advisory Board (SAB) comments on the
Proposed Guidelines for Exposure
Assessment published Noveniber 23,
1984 (49 FR 48304).

This publication completes the first.
round of risk assessment guidelines
development. These Guidelines will be
revised, and new guidelines will be
developed, as appropriate.

EFFECTIVE DATE: The Guidelines will be
effective September 24, 1986.

FOR FURTHER INFORMATION CONTACT:
Dr. Richard V. Moraski, Exposure
Assessment Group, Office of Health and
Environmental Assessment (RD-889),
U.S. Environmental Protection Agency,
401 M Street, SW, Washington, DC
20480, 202-475-8923.

SUPPLEMENTARY INFORMATION: In 1983,
the National Academy of Sciences
{NAS) published its book entitled Risk
Assessment in the Federal Government:
Managing the Process. In that book, the
NAS recommended that Federal
regulatory agencies establish “inference
guidelines” to ensure consistency and

S-074999 0Ns51(02X22-SEP-86-17:08:26)

technical quality in risk assessments
and to ensure that the risk assessment
process was maintained as a scientific
effort separate from risk management. A
task force within EPA accepted that
recommendation and requested that
Agency scientists begin to develop such
guidelines.

General
The guidelines published today are

products of a two-year Agencywide

effort, which has included many
scientists from the larger scientific
community. These guidelines set forth

- principles and procedures to guide EPA
scientists in the conduct of Agency risk

assessments, and to inform Agency
decision makers and the public about

~ these procedures. In particular, the

guidelines emphasize that risk
assessments will be conducted on a
case-by-case basis, giving full
consideration to all relevant scientific
information. This case-by-case approach
means that Agency experts review the
scientific information on each agent and
use the most scientifically appropriate
interpretation to assess risk. The
guidelines also stress that this
information will be fully presented in
Agency risk assessment documents, and
that Agency scientists will identify the

" strengths and weaknesses of each
assessment by describing uncertainties,

assumptions, and limitations, as well us
the scientific basis and rationale for
each assessment.

Finally, the guidelines are formulated

in part to bridge gaps in risk assessment
methodology and data, By identifying -
these gaps and the importance of the
missing information to the risk
assessment process, EPA wishes to
encourage research and analysis that
will lead to new risk assessment
methods and data.

Guidelines for Estimating Exposures

Work on the Guidelines for Estimating
Exposures began in january 1964. Draft
guidelines were developed by Agency
work groups composed of expert
scientists throughout the Agency. The
drafts were peer-reviewed by expert
scientists in the field of exposure
assessment from universities,
envirorunental groups, industry, labor,
and other governmental agencies. They
were then proposed for public comment
in the Federal Register (48 FR 46304).
On :Jovember 8, 1084, the Administrator
directed that Agency offices use the
proposed guidelines in performing risk
assessments until final guidelines
become available.

After the close of the public comment

" period, Agency staff prepared

summaries of the comments, analyses of

" the major Issues presented by the

commentors, and preliminary Agency
responses to those comments. These
analyses were presented to review
panels of the SAB on March 4 and April

- 22-23, 1885, and to the Executive

Committee of the SAB on April 25-26,
1985. The SAB meetings were
announced in the Federal Register as

follows: February 12, 1985 (50 FR 5811)

and April 4, 1985 (50 FR 13420 and
13421).

In a letter to the Administrator dated
June 19, 1985, the Executive Committee
generally concurred on all five of the

-guidelines, but recommended certain

revisions, end requested that any
revised guidelines be submitted to the
appropriate SAB review panel chairman
for review and concurrence on behalf of
the Executive Committee. As described
in the responses to comments (see Part
B: Response to the Public and Science
Advisory Board Comments), each
guidelines document was revised, where

~ appropriate, consistent with the SAB

recommendations, and revised draft
guidelines were submitted to the panel
chairmen. Revised draft Guidelines for
Estimating Exposures were concurred
on in a letter dated January 13, 1988.
Copies of the letters are available at the
Public Information Reference Unit, EPA
Headquarters Library, as indicated
elsewhere in this notice.

Following this Preamble are two parts:
Part A contains the Guidelines and Part -

B, the Response to the Public and
‘Science Advisory Board Comments (a
summary of the major public comments,
SAB comments, and Agency responses
to those comments).

The SAB requested that the Agency
develop guidelines on the principles for
the measurement of pollutant
concentrations in the various
environmental media and for the uses of
environmental measurements for
exposure assessment. This effort is -
currently underway.

The Agency also will provide
technical support documents that
contain detailed technical information
needed to implement the Guidelines.
Two of these technical reports entitled
“Development of Statistical
Distributions or Ranges of Standard
Factors Used i, Exposure Assessments"
(available from the National Technical

. Information Service, PB85~242667) and

“Methodology for Characterization of .

. Uncertainty in Exposure Assessments”
(available fiom the National Technical

Information Service, PB85-240455) are

. currently available. Technical support

documents will be revised periodically
ta reflect improvements in exposure
assessment methods and new
information or experience.

et
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The Agency is continuing to study the
risk assessment issues raised in the
Guidelines and will revise these
Guidelines in line with new information.
as appropriate.

References, supporting documents,
and comments received on the proposed
guidelines, as well as copies of the final
guidelines, are available for inspection
and copying at the Public Information
Reference Unit (202-382-5926), EPA
Headquarters Library, 401 M Street, SW,
Washington, DC, between the hours of
8:00 a.m. and 4:30 p.m.

I certify that these Guidelines are not
major rules as defined by Executive
Order 12291, because they are
nonbinding policy statements and have
no direct effect on the regulated
community. Therefore, they will have no
effect on costs or prices, and they will
have no other significant adverse effects
on the economy. These Guidelines were

‘reviewed by the Office of Management

and Budget under Executive Order
12291.

Dated: August 22, 1986.
Lee M. Thomas,
Administrelor.

Conlonts
Part A: Guidelines for Boumnting Exposun
I Introduction
Il. General Guidelines and Principles
A. Exposure and Dose
B. Decision Path to Determine Scope of the
Assessment
C. Uncertainty

Ill. Organization and Contents of an Expo-

sure Assessment
A. Overview '
B. Detailed Explanallon of Outline
1. Executive Summary -
2. Introduction (Purpose and Scope)

3. General Information for Each Chemi -

cal or Mixture
4. Sources
5. Exposure Pathways and Environmen-
tal Fate ‘
* 8. Measured or Estimated Concentra-
tions .
7. Exposed Populations
8. Integrated Exposure Analysis
9. References
10. Appendices
Part B: Response to Public and Sclence Advi-
sory Board Comments
I Introduction
II. General Information
A. Acceptable Latitude of Approach
B. Technical Nature of Guidelines
C. Measurements vs. Modeling
Il Data Availability and Uncertainty Anal-
ysis
- A. Information Uses
B. Worst-Case Estimates
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1V. Evaluation of Uncertainties
A. Uncertainty Analysis
B. Population Characterization
V. Clarification of Terminology
A. Exposure vs. Dose
B. Mixtures and Synergism
C. Removal and Creation Steps
VI. Purpose, Philosophy, and Resulls

Part A: Guidelines for Estimating
Exposures

L Introduction

These Guidelines provide the Agency
with a general approach and framework
for carrying out human or nonhuman
exposure assessments for specified
pollutants. The Guidelines have been
developed to assist future assessment
activities and encourage improvement in
those EPA programs that require, or
could benefit from, the use of exposure
assessments, The Guidelines are
procedural. They should be followed to
the extent possible in instances where
exposure assessment is a required
element in the regulatory process or
where exposure assessments are carried

- out on a discretionary basis by EPA

management to support regulatory or
programmatic decisions.
This document, by laying out a set of

_questions to be considered in carrying

out an exposure assessment, should help
avoid inadvertent mistakes of omission.
Ideally, exposure assessments are based
on measured data. EPA recognizes that
gaps in data will be common, but the
Guidelines will nevertheless serve to
assist in organizing the data that are
available, including new data developed
as part of the exposure assessment. In
the absence of sufficient reliable data
and the time to obtain appropriate
measurements, exposure assessments
may be based on validated
mathematical models. Whenever
possible, exposure assessments based
on modeling should be complemented
by reliable measurements. Furthermore,

. itis understood that the leve' >f detail

found in the exposure assessments
depends on the scope of the assessment.
These Guidelines should also promote
consistency among various exposure
assessment activities that are carried
out by the Agency. Consistency with
respect to common physical, chemical,
and biological parameters, with respect
to assumptions about typical exposure
situations, and with respect to the

- characterization of uncertainty of

estimates, will enhance the
comparability of results and enable the
Agency to improve the state-of-the-art of
exposure assessment over time through
the sharing of common data and
experiences.

f1annt aqe nn

Fimor paer

It is recognized that the main

_objective of an exposure assessment is

to provide reliable data and/or
estimates for a risk arsessment. Since a
risk assessment requires the coupling of
exposure information and toxicity or
effects information, the exposure
assessment process should be
coordinated with the toxicity/effects
assessment. This document provides a

“common approach to format, which

should simplify the process of reading
and eveluating exposure assessments
and thereby increase their ulility in
assessing risk.

As the Agency performs more
exposure assessments, the Guidelines
will be revised to reflect the beneﬁl of
experience.

II. General Guidelines and Principles

A. Exposure and Dose

Exposure has been defined by
Committee E-47, Biological Effects and
Environmental Fate, of the American
Society for Testing and Materials, as the
contact with a chemical or physical
agent. The magnitude of the exposure is

‘determined by measuring or estimating

the amount of an agent available at the
exchange boundaries, i.e., lungs, gut,

-skin, during some specified time.
- Exposure assessment is the

determination or estimaticn (qualitative
or quantitative) of the magnitude,
frequency, duration, and route of
exposure. Exposure assessments may
consider past, present, and future
exposures with varying techniques for
each phase, e.g., modeling of future
exposures, measurements of existing
exposure, and biological accumulation
for past exposures. Exposure o
assessments are generally combined
with environmental and health effects
data in performing risk assessments.

-In considering the exposure of a
subject to a chemical agent, there are
several related processes. The contact

" between the subject of concern and the

agent may lead to the intake of some of '

. the agent. If absorption occurs, this

constitutes an uptake {or an absorbed
dose). When biological tissue or fluid -
measureraients indicate the presence of a -
chemical, exposures may be estimated
from these data. Presence of a chemical
in such biological samples is the most
direct indication that an exposure has
occurred. The route of exposure

" generally impacts the extent of

absorption and should be considered in

~ performing risk assessments.
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B. Decision Path To Determine Scope of
the Assessment

The first step in preparing an
exposure assessment shou!d be the
circumscription of the problem at hand
to minimize effort by use of a narrowing
process. A decision path that describes
this process is shown in Figure 1. As
illustrated in Figure 1, the preliminary
assessment and the in-depth assessment
are two major phases in this logic path.

BILLING CODE 8500-50-M
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The preliminary assessment phase
should commence by considering what
risk is under study. Within this
framework, a data base should be
compiled from readily available
scienlific data and exposure information
based on manufacturer, processor, and
user practices. Next, the most likely
areas of exposure {manufacturing,
processing, consumer, distribution,
disposal, water and food, etc.) should be
identified. The preliminary exposure
assessments should be based on data
derived from environmental
measurements, When a limited amount
of measurement data is available,
estimates may be based on modeling.
Since a complete data search may not
be possible, well identified assumptions
and order of magnitude estimates may
be used to further narrow the exposure
areas of concern.

Data from this preliminary exposure
assessment can then be coupled with
toxicity information to perform a
preliminery risk analysis. As a result of
this analysis, a decision will be made
that either an in-depth exposure
assessment is necessary or that there is
no need for further exposure
information. The organization and
contents of an in-depth exposure
assessment are given in the following
section.

In assembling the information base for
either a preliminary assessment or a
more detailed assessment, its adequacy
should be ascertained by addressing the
following considerations:

e Availability of information in every
area needed for an adequate
assessment;

¢ Quantitative and quahtative nature
of the data;

¢ Reliability of information;

¢ Limitations on the ability to assess
exposure.

C. Uncertainty

Exposure assessments are based on
measurements, simulation model
estimates, and assumptions about
parameters used in approximating
actual exposure conditions. Actual
measurements should be used whenever
possible. Both data and assumptions.
contain varying degrees of uncertainty
which influence the accuracy of
exposure assessments. Consequently,
evaluation of uncertainty is an
important part of all exposure
assessments. ’

The uncertainty analyses performed
will vary depending on the scope of the
assessment, the quantity and quality of
measurements, and the type and
complexity of mathematical models
used. A discussion of the types of
analyses used for quantifying
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uncertainties in exposures is presented
in the next section.

IIl. Organization and Contents of an
Exposure Assessment

A. Overview

A suggested outline for an uxposure
assessment document is given in Exhibit
1. The five major topics to be addresser
within most exposure assessments are
as follows: Source(s), Exposure
Pathways, Measured or Estima‘ed
Concentrations and Duration, Exposed
Population(s), and Integrated Exposure

_Analysis. These five topics are

appropriate for exposure arsessrosnts in
general, whether the assessments are of
global, national, regiconal, local, site
specific, workplace related, or other
scope. The topics are appropriate for
exposure assessments on new or
existing chemicals and radionuclides.
They are also applicable to both single
media and multimedia assessments.
Since exposure assessments are
performed at different levels of detalil,
the extent to which any assessment
contains items listed in Exhibit 1

depends upon ita scope. The outline is a .

guide to organize the data whenever
they are available.

Exhibit 1—Suggested Outline for an Exposure
Assessment .

1. Executive Summary
2. Introduction

a. Purpose

b. Scope

3. General Information for Bach Chemical or

‘Mixture
a. Identity
(1) Molecular formula and structure,
synonyms, and Chemical Abstracts
Service (CAS) number
(2) Description of grades, contaminants,
and additives
(3) Other identifying characteristics
b. Chemical and Physical Properties
4. Sources
a. Characterization of Production and
Distribution
b. Uses
c. Disposal
d. Summary of Environmental Releases
5. Exposure Pathways and Environmental
Fate
a. Transport and Transformation
b. Identification of Pﬂnclpal Pathways of
Exposure
c. Predicting Environmental Distribution -
8. Measured or Estimated Concentrations
a. Uses of Measurements
b. Estimation of Environmental
Concentrations
7. Exposed Populations
a. Human Populations
(1) Population size and characteristics
(2) Population location
(3) Population habits
b. Nonhuman Populations {where
appropriate)
(1) Population size and characteristics
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(2) Population locatiou
(3) Population habits
8. Integrated Exposure Analysis
a. Calculation of Exposure
(1) Identification of the exposed p¢ pulation
and critical elements of the ecouystem
(2) Identification of pathways of s1xposure
b. Human Dosimetry and Biological
Measurements .
c. Deselopment of Exposure Scenasios sr.d
Profiles
d. Evaluation of Uncertalnty
(1) Introduction
(2) Assessments based on limited initial
data
(3) Assessments based on subjective
estimates of input variable distributions
(4) Assessments based on data for model
input variables
(5) Assessments based on data for
exposure
{6) Summary
0. References
10. Appendices

" B. Detailed Explanation of Outline

1. Executive Summary. The
“Executive Summary" should be written
8o thalt it can stand on its own as a :
miniature report. Its main focus should
be on a succinct description of the
procedures used, assumptions
employed, and summary tables or charts
of the results. A brief discussion of the
uncertainties associated with the results
should be included.

2. Introduction (Purpose and Scope}
This section should state the intended
purpose of the exposure assessment and
identify the agent being investigated, the
types of sources and exposure routes
included, and the populations of
concern.

3. General Information for Each
Chemical or Mixture.

- a. Identity. (1) Molecular formula and -
structure, synonyms, and Chemical
Abstracts Service number. :

{2) Description of grades,
contaminants, and additives.

(3) Other identifying characteristics.

b. Chemical and Physical Prcperties.
Thias subsection should provide a
summar, description of the chemica!
and physical properties of the agent.
Particular attention should be paid to
the features that would affect its-
behavior in the environment.

4. Sources. The points at which a
substance is believed to enter the
environment should be described, along
with any known rates of entry. (Points
of entry may be indoors &3 well as
outdoors; environments include indoor
settings such as offices as well as
outdoor environments.) A detailed
exposure assessment should include a
study of sources, production, uses,
destruction/disposal, and environmental
release of a substance. The studies




e s o

SCTON L S SOPC TR

R S8

M e e o G i it D e % En TR TS Soim cao# (Ta L

Federal Register / Vol. 51, No. 185 / Wednesday, September 24, 1888 / Notices

34047

should include a description of human
activities with respect to the substance
and the environmental releases resulting
from those activities. It should account
for the controlled mass flow of the
substance from creation to destruction
and provide estimates of environmental
releases at each step in this flow.
Seasonal variations in environmental
releases should also be examined. All
sources of the substance should be
accounted for with the sum of the uses,
destruction, and the environmental
releases. The environmental releases
can be described in terms of geographic

_and temporal distribution and the

receiving environmental media, with the
form identified at the various release
points.

a. Characterization of Production and
Distribution. All sources of the
substance's release to the environment,
consistent with the scope of the
assessment, should be included, such as
production, extraction, processing,
imports, stockpiles, transportation,
accidental/incidental production as a
side reaction, and natural sources. The
sources should be located, and activities
involving exposure to the substance
should be identified.

b. Uses. The substance should be
traced from its sources through various
uses (with further follow-up on the
products made to determine the

‘presence of the original material as an

impurity), e.g., exports, atockpile
increases, etc.

c. Disposal. This subsection should
contain an evaluation of disposal sites
and destruction processes, such as
incineration of industrial chemical -
waste, incineration of the substance as
part of an end-use item in municipal
waste, landfilling of wastes, biological
destruction, or destruction in the process
of using the end product. Hazardous
contaminants of the substance may be
included, and products containing the
substance as a contaminant may be
followed from production through
destruction/disposal.

d. Summary of Environmental
Releases. Estimates should be made of
the quantities of the substance released
to the various environmental media.
Sources of release to the environment
include production, use, distribution/
transport, natural sources, disposal, and
contamination of other products.
Environmental releases should be
presented at a reasonable level of detall.
Extremely detailed exposure estimates
would attempt to specify the following
information for each significant
emission source: location, amount of the
substance being released as a function
of time lo each environmental medium,
physical characteristics of the emission

§-074999 0036(02)X22-SEP-86-17:08:3%)

source, and the physical and chemical
form of the substance being released.
Evaluation of the uncertainties
associated with the emission estimales
should be given. A detailed discussion
of the procedures for estimating

. uncertainty is presented in section 8.d.

5. Exposure Pathways and
Environmental Fate. The exposure
pathways section should address how
an agent moves from the source to the
exposed population or subject. For a
less detailed assessment, broad
generalizations on environmental
pathways and fate may be made. In the
absence of data, e.g., for new
substances, fate estimates may have to
be predicted by analogy with data from
other substances. Fate estimates may
also be made by using measurements
and/or models and lahoratory-derived .
process rate coefficients. At any leve! of
detail, certain pathways may be judged
insignificant and not pursued further.

For more detailed cssessments
involving environmental fate, the
analysis of sources described previously
should provide the amount and rate of
emissions to the environment, and
possibly the locations and form of the
emissions. The environmental pathways
and fate analysis follows the substance
from its point of initial environmental
release, through the environment, to its
ultimate fate. It may result in an -
estimation of \he geographic and

" temporal distridation of concentrations
- of the substance in the various :

contaminated environmental media.

a. Transport and Transformation. The
substance, once released to the
environment, may be transported (e.g.,
convected downstream in water oron
suspended sediment, through the
atmosphers, etc.) or physically
transformed (e.3.. volatilized, melted, -
absorbed/desorbed, etc.); may undergo
chemical transformation, such as
photolysis, hydrolysis, oxidation, and
reduction; may undergo
biotransformation, such as
biodegradation; or may accumulate in
one or. more media. Thus, the
environmental behavior of a substance
should be evaluated before exposures
are assessed. Factors that should be
addressed includa:

¢ How does the agent behave in air,

“water, soil, and biologizal media? Does

it bioaccumulate or biodegrade? 1s it
absorbed or taken up by plants?

¢ What are the principal mechanisms
for change or removal In each of the
environmental media?

e Does the agent react with other
compounds in the environment?

¢ ls there intermedia transfer? What
are the mechanisms for intermedia
tranafer? What are the rates of the
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intermedia transfer or reaction
mechanisms?

¢ How long might the agent remain in
each environmental medium? How does
its concentration change with time in
each medium?

e What are tk: products into which

the agent might degrade or change in the

environment? Are any of these
degradation products ecologically or
biologically harmful? What is the
environmental behavior of the harmful
products?

¢ Is a steady-state concentration
distribution in the environment, or in
specific segments of the environment,
achieved? If not, can the nonsteady-
state distribution be described?

¢ What is the resultant distribution in

" the environment—for different media,

different types or forms of the agent, for
different geographical areas, at different
times or seasons? ,

b. Identification of Principal Pathways
of Exposure. The principal pathway
analysis should evaluate the sources,
locations, and types of environmental
releases, together with environmental '
behavioral factors, to determine the
significant routes of human and
environmental exposure to the
substance. Thus, by listing the important
characteristics of the environmental
release (entering media, emission rates,
etc.) and the agent's behavior _
(intermedia transfer, persistence, etc.) .
after release to each of the entering
media, it should be possible to foliow
the movement of the agent from its
initial release to its subsequent fate in
the environment. At any point in the
environment, human or environmental
exposure may occur. Pathways that
result in major concentrations of the
agent and high potential for human or
environmental contact are the principal
exposure pathways.

¢. Predicting Environmental
Distribution. Models may be used to
predict environmental distributions of
chemicals. Model estimates of

environmental distribution of chemicals

are based on measurements whenever
feasible. In predicting environmental
distributions of chemicals, available
measurements must be considered.

In this section an estimation is made.

~ using appropriate models, of

representative concentrations of the
agent in different environmental me¢ - .
and its time-dependence in specific
geographical locations (e.g., river basin -
streams, etc.). .

6. Measured or Estimated
Concentrations.

a. Uses of Measurements.
Measurements are used to identify
releases (source terms) and, in the
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exposure pathways and fate
assessments, to quantitatively estimate
both release rates and environmental
concentrations. Some examples of uses
of measuremunts are: sampling of stacks
or discharge pipes for emissions to the
environment, testing of products for

chemical or radionuclide content, testing -

-of products for chemical or radioactive
releases, sampling of appropriate points
within a manufacturing plant to
detemune releases from industrial
processes or practices, sampling of
potentially exposed populations using
personal dosimeters, and sampling of
solid waste for chemical or radionuclide
content. These data should be
characterized as to accuracy, precision,
and representativeness. If actual
environmental measurements are
unavailable, concentrations can be
estimated by various means, including
the use of fate models (see previous
section) or, in the case of new
chemicals, by analogy with existing
chemicals.

Measurements are a direct source of
information for exposure analysis.
Furthermore, reliable measurements can
be used to calibrate or extrapolate
models or calculations to assess
environmental distributions. However,
environmental pathway and fate ,
analysis may be needed in addition to
the measured data for the following
reasons: for most pollutants, particularly
organic and new chemicals,
measurements are limited; analysis of
measured data does not often yield
relationships between environmental
releases and environmental
concentration distribution in media or

geographic locations that have not been -

measured; analysis of measurements
does not provide information on how
and where biota influence the
environmental distribution of a
pollutant; and measured concentrations
may not be traceable to individual
sources. -

b. Estimation of Environmental
Concentrations. Concentrations of
agents should be estimated for all
environmental media that might
contribute to significant exposures.
Generally, the environmental
concentrations are estimated from

measurements, mathematical models, or .

a combination of the two. If
environmental measurements are not
limited by sample size or inaccuracies,
then exposure assessments based on
measurements have precedence over
estimates based on models.

The concentrations must be estimated
and presented in a format consistent
with available dose-response
information. In some cases an estimate
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of annual average concentration will be
scfficient, while in other cases the
temporal distribution of concentrations
may be required. Future environmental
concentrations resulting from current or
past releases may also be projected. In
some cases, both the temporal and
geographic distributions of the
concentration may be assessed.
Moreover, if the agent has natural
sources, the contribution of these to
environmental concentrations may be
relevant. These “background”
concentrations may be particularly
important when the results of tests of
toxic effects show a threshold or
distinctly nonlinear dose-response.

The uncertainties associated with the
estimated ccncentrations should be
evaluated by an analysis of the
uncertainties of the model parameters

-and input variables. When the estimates
. of the environmental concentrations are

based on mathsmatical models, the
model results must be compared to
available measurements, and any
significant discrepancies should be
discuased. Reliable, analytically-
determined values must be given
precedence over estimated values

_ whenever significant discrepancies are

found.

7. Exposed Populations. Populations
selected for study may be done a prior,
but frequently the populations will be
identified as a result of the sources and
fate studies. From an analysis of the

~ distribution of the agent, populations

and subpopulations (i.e., collections of
subjects) at potentially high exposure
can be identified, which will then form

~ the basis for the populations studied.

Subpopulations of high sensitivity, such
as pregnant women, infants, chronically
ill, etc., may be studied separately.
Census and other survey data may be
used to identify and describe the
population exposed to various
contaminated environmental media.

- Depending on the characteristics of

available toxicological data, it may be
appropriate to describe the exposed
population by other characteristics such
as species, subspecies-age-sex
distribution, and health status.

In many cases, exposed populations
can be described only generally. In some
cases, however, more specific
information may be available on matters
such as the following:

a. Human Populations

(1) Population size and characteristics
(e.g.. trends, sex/age distribution)

(2) Population location
. (3) Population habits—transportation
habits, eating habits, recreational habits,
workplace babits, product use habits,
etc. .

F4701.FMT...[16.30)...4-15-86

b. Nonhuman Populations (where
appropriate)

(1) Population size end characteristics
{e.g., species, trends)

{2) Population location

(3) Population habits

8. Integrated Exposure Analysis. The
integrated exposure analysis combines
the estimation of environmental
concentrations (sources and fate
information) with the description of the
exposed population to yleld exposure
profiles. Data should be provided on the
size of the exposed populations;
duration, frequency, and intensity of
exposure; and routes of exposure.
Exposures should be related to sources.
" For more detailed assessments, the
estimated environmental concentrations
should be considered in conjunction
with the grographic distribution of the
kuman and environmental populations.
The behavioral and biological
characteristics of the exposed
populations should be considered, and
the exposures of populations to various
concentration profiles should be
estimated. The results can be presented
in tabular or graphic form, and an
estimate of the uncertainty associated
with them should be provided. :

a. Calculation of Exposure. The
calculation of exposure involves two
major aspects:

(1) ldentification of the exposed -
population and critical elements of the
ecosystem. -

. The estimate of environmental
‘concentrations also should give the
geographical areas and environmental
media contaminated. The stated purpose

of the assessment should have described

the human and environmental subjects
for which exposures are to be

calculated. If the subjects are not listed, .

the contaminated geographical areas
and environmental media can be
evaluated to determine subject
populations. The degree of detail to be
used in defining the expcsed population
distribution depends on the
concentration gradient over geographic
areas.

(2) Identification of pathways of
exposure:

(a) ldentification and deu.rlption of

. the routes by which the substances

travel from production site, through
uses, through environmental releases/
sources, through transport and fate
processes, (o the target population.

(b) Quantitative estimater of the
amounts of the chemical following each
exposure pathway. Such estimates allow

‘the various pathways to be put in the

perlpect(ve of relative importance.
From the geographic and temporal
distribntion of environmental

RE—
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concentrations, the exposed population,
the behavioral characteristics. and the
critical elements of the ecosystem,
exposure distributions can be estimated.
The results of exposure calculation
should be presented in a format that is
consistent with the requirements of the
dose-response functions which may
later be used in a risk assessment. For
example, when health risks caused by .
exposure over extended durations are
considered, average daily exposure over
the duration of exposure usually is
calculated. When lifetime risks are
considered, average daily exposure over
a lifetime usually is calculated. In
contrast, when health risks caused by
exposures over short durations are
considered, exposure rates are

‘calculated over short time intervals to

ensure that peak risks are defined.
Many exposure assessments are based
on the average exposure occurring over
the exposure period. The range of
possible exposures is usually divided
into intervals, and the exposures within
each interval are counted. The results
can be presented in tabular form or as a

histogram.
_ The population residing in a specific

~ geographic area may be exposed to a

substance from several exposure routes.
For each exposure route, exposure of

individuals in these populations may be -

determined by summing the contribution
of all sources to the exposw.- oule.
When exposures involve more than one
exposure route, the relative amounts of
a substance absorbed is usually route

dependent. Consequently, total

absorbed dose estimates must account
for these differences. Because EPA
regulates sources of releases, the
contribution to exposures from each
type of source being considered should
be ‘ tu played. Exposure estimates should

_be presented for each significant

exposure route, and the results should
be tabulated in such a way that total
externally applied and absorbed dose
can be determined.

b. Human Dosimetry and Blological

Measurements. Diological measurements.

of human body fluids and tissues for
substances or their metabolites can be
used to estimate current or past
exposure to chemicals. When analytical
methods are available, chemicals that .
have been absorbed into the body can
be measured in body tissue and fluid.
Such measurements may be used to .
estimate human exposure if the
chemical substances leave in the body
reliable indicators of exposure. ‘
Furthermore, although a compound may

" be relatively easy to detect in body

tissue, for some compounds, attributing
body burdens to specific environmental

releases may be difficult because of
limited ability to obtain environmental
measurements or appropriate metabolic
data.

¢. Development of Exposure Scenarios
and Profiles. Depending on the scope of
the exposure assessment, the total
exposure may be fractionated into one
or more “‘exposure scenarios’ to _
facilitate quantification. Aa an examg!le.
Table 1 lists seven very broad scenar:-
Occupational, Consumer,
Transportation, Disposal, Food, Drinking
Water, and Ambient. For each of the
scenarios, the major topics necessary to
quantify exposure include sources,
pathways, measurements, and
population cheracteristics. Investigation
of only one scenario may be necessary
for the scope of some assessments. Fi-

example, a pesticide application
expoaure assessment may consider the
occupational scenario which would
address the exposure to applicators and
populations in the vicinity of the site. An
exposur= assessment around a
hazardous waste site may focus on the -
disposal scenario. The exposure '
assessment also may consider other

- scenarios. The more extensive and
comprehensive the scope, the more
- scenarios are usually involved.

TasLE 1.—£xrosuat ASSESSMENT INFORMATION NEEDS FOR VARIOUS EXPOSURE SCENARIOS

Exponse soerwio Sowces Fete Populstion cheracteristics Measusrement
Oocupshongl (chentosl wmmwmmmwmm' populatio d | inplent/onesits releasss, ambwert
produclion). materisle belence. models. st/ plants. lovels surrounding e/ plents;
humen dosimevy.
Conmsner (dvect we of Consunption rates, distriation patiam | Phwsical and chemicel gropertiss, shell | Coney Lovels in products releases.
chemical of inadvertent anourds in products. e reloase retes, models. .
sl
Trareporation/ siorage/ Poftorrs of distritation aswd Fanaporte- wuwmm Storage, PO rh _'pnu- Rel lovels.
aple. Sor; models for aplie. ronvmentsl lste modsis. al poguistion in area.
Oisposel Snciude Materials balence around disposal | Sete within Workers &t site of duepossl genersl | Relesses, lovels & various ponts
incinevaion, el method, eficiency, releases 10 arwi- uﬁ&dmm populstion around site. wihin process, aminent levets.
: rorwnent.
Food. Food chain, packeging, 600INVGS ...........| FOod chein modets, fete during preps- | General populstion, nonfwrmen popule- | Levels n food, feedetst. food chan
rwtion ov processing of food. von. . Samphng.
Ovinding water Groundh , N weler, detvbu | Leach retes fom pipes, CHGrnelion | General POPUIBEON .................cccceee oooe.| LOVOIS N OriNkung water, groundwater
fion system. processes, fate in weter; models. surface weter, Featment plarts
A A ] o W aF, lend | Envio vl fote General POPUISEON, NOMM, popade- | Armbi -muuucmmnn
water. ton. dommety.
It will usually be advantageous in integrated exposure analysis, will often (1) Introduction. Often an exposure

performing an exposure assessment to

identify exposure scenarios, quantify the.

exposure in each scenario, and then
integrate the scenarios. to estimate total
exposure. In this “integrated exposure
analysis.” the summ ation of

- independent exposures from different

scenarios (keeping exposure routes
separate) often will result in a breakout
of exposure by subpopulations, since the
individual scenarios usually treat
exposure by subpopulation. Therefure, -
the integration of the scenarios, or

S-074999 0038(03X22-SEP-86~17:09:44)

result in an exposure profile.
For each exposed subpopulation,

* exposure profiles should include the size

of the group. the make-up of the group
(age, sex, etc.), the source of the agent,

"the exposure pathways, the frequency
. .and the intensity of exposure by each

route (dermal, inhalation, etc.), the
duration of exposure, and the form of
the agent when exposure occurs.
Assumptions and uncertainties
associated with each scenario and
profile should be clearly discussed.

d. Evaluation of Uncertainty.

F4701.FMT...[16.30)...4-15-88

" assessment progresses through several

stages of refinement. The purpose of
these Guidelines is to present methn-«
appropriate for characterization of
uncertainty for assessments at variou-
stages of reflinement, from assessments
based on limited initial data to those
based on extensive data.

The appropriate method for
characterizing uncertainty for an
exposure assessment depends upon th.
underlying parameters being estimate
the type and extent of data available,
and the estimation procedures utilized.
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The nncertainty of interest is always
with regard to the population
characterist' < being estimated. For
example, when the population
distribution of exposures is being
estimated, characterization of
uncertainty addresses the possible
differences between the estimated
distribution of exposure and the true
population distribution of exposure.
An exposure agsessment quantifies
contact of a substance with affected
population members (human or
nonhuman subjects). The measure of
contact (e.g., environraental level or
absorbed dose) depends upon what is

 needed to predict risk. An integrated

exposure assessment quantifies this
cont ct via all routes of exposure. -
(inhslation, ingestion, and dermul) and
all exposure pathways (e ,
occupational exposure, exposure from
consumption of manufactured goods,
etc.). The exposed popul~tion generally
is partitioned i..to subpopulations such
that the likely expoeure of all members
of a subpopulati-n is attributabie to the
same sources. The exposure for each
member of a subpopulation is then the
sum of exposures over a fixed set of

-pources and pathways. The measured or

estimated exposures for members of a
subpopulation are ideally used to
ectimaie the subpupulation distribution
of exposure or characteristics thereof. -
However, o lack of sufficient

‘information sometimes ~recludes

estimation of the subpopulation
distributions of exposure and only
sum’ 1a-y measures of this distribution,
such as the mean, minimum, maximum,
etc., are estimated. L1 eazh case,
characterization of uncertainty for the
exposure assessment primarily
addresses limitations of the Aata and the
estimatior. procedures. The proportions
of the populetion members in the
individuel subpopulations are usually
estimated and can be used {(by
combininy estimated distributions for
the subpopulations) to estimate the . .
distribution of exposure for the total
population. Uncertainty conce..ing the
sizes of the subpopulations should be
addressed by discussing limitations of
the data and estimation methods as well
as by tabulating confidence interval
estimates for the population sizes
whenever possible.

(2) Assessments based on limited.

. initial data. The initial exposure

assessment for a substance may be

" based on limited data for exposure and/

or im ut variables. for an exposure
prediction model (i.e., an equation that
expresses exposure as a function of one.
or more input variables). These data
might be either extant data or data
S-074999  (X03)22-SEP-86-1719:46)
! . . «

produced by an initial small-scale study.
The limited initial data frequently are
insufficient to permit estimation of the
entire distribution of exposure. Instead,
summary measures of this distiibution,
such as the mean, minimum, aad
maximum, are usually estimated.

If the assessment {8 based on
measured exposures, the methods used
to characterize uncertainty depend
mainly upon whether or not the data
result from a probability sample for
which the probability of inclusion is
known for each sample member.
Characterization of uncertainty for an
asgsessment based on a probability
sample of exposures is discussed later
in section 8.d.(5). If the measured
exposures are not based on a v
probability sample, acknowledgement
that no strictly valid statistical
inferences can be made beyond the
units actually in the sample is one
aspect of the characterization of
uncertainty. If inference procedures are
implemented, the assumptions upon
which these inferences are based (e.g.,
treatment of the sample as if it were a
simple random sample, or assumption of

an underlying model) should be

explicitly stated and justified. The data
collection methods and inherent _
limitations of the data ghould also be
discussed.

" An initial exposure asaessment also
may be based on limited data, such as
estimated ranges, for input variables for
an exposure prediction model. The
exposure prediction model would be
derived from a postulated exposure
scenario that describes the pathways
from sources to coutact with population
members. If the data were only
sufficient to support estimates of the
ranges of the input variables, the
exposure assessment might be limited to
a gensitivity anrlysis. The purpose of
the sensitivity cnalysis would be to
identify influential model input
variables and develop bounds on the
distribution of exposure. A sensitivity

. analysis would estimate the range of

exposures that would result as.
individual model input variables were
varied from their minimum to their
maximum possible values with the other
input variables held at fixed values, e.g.,
their midranges. The overall minimum
and maximum possible exposures
usually would be estimated also. For an

. exposure assessment of this type, the
" uncertaint,

'ould be characterized by
describing the limitations of the data
used to estimate possible ranges of
model input variables and by discussing
justification for the model. Justification

‘of the model should include a

description of the exposure scenario,

CFam01 PAT_{1R120].4-15-A]

choice of model input variables, and the
functional form of the model. Sensitivity
to the riodel furmulation also cen be
investigated by replicating tiie
sensitivity analysis for plausible
alternative models.

The sensitivity analysis can be -

- enhanved by computing the predicted

exposures that result from all possible
input variable combinations. If each
input variable has only a finite set of
possible values, the set of all possible
combinations of the input variables can
be formed, and the predicted exposure
can be computed for each combination.
These exposure predictions can be used
to form a distribution of exposures by
counting the number of occurrences at
each expnsure level or interval of
exposures. This is equivalent to
eslimating the distribution of exposures
that results f-om treating all input
variable co. .inatione as equally likely.
This procedure can also be applied by
transforming continuous input variables
inio discrete ones and representing them
by equally spaced points. In the limit, as
the equal spaces become smell and the
number of points becomes 'aige, the
distribution of expnsure that results

from counting occurrences of exposure
levels is equivalent to estimating the
distribution of exposurec that results
from statistically independent,
continuous input variables with uniform
distributions on the estimated ranges,
This estimated distribution of exposur»
values can be produced by Monte Cariv
simulation, one of the methods of '
mathematical statistics. The Monte
Carlo method consists of randomly
generating input variate values and -
using these to compute corresponding
exposure levels, generating an exposure
distribution via many iterations.
Interpretation of statistics based on this
exposure distribution ‘~#ould be in terms.

~ of the equally likely input variable

combinations. For example, the 85th
percentile of this distribution would be
the exposure level exceeded by only 5% -
of the exposures resulting from treating
all combinations of input variab’e

values as equally likely. Although this
distribution of exposures cannot be
interpreted as an estimate of the
population distribution (unless the input -
variables actually are statistically
independent and uniformly distributed),
it provides additional information for
making regulatory decisfons.
Characterization of uncertainty would
include a discussion of limitations of the
data and justification for the model as
discussed above. Sensitivity to model
formulation could also be investigated
by estimating tke distribution of
exposure that results from using the
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same uniform input variable
distributions with plausible alternative
models and comparing the estimated
percentiles. .

(3) Assessments based on subjective
estimates of input variable
distributions. If a model has been
formulated that expresses exposure as a
function of one or more input variables,
the methods of mathematical statistics,
such as Monte Carlo simulation, can be
used to estimate the population
distribution of exposure from an
estimate of the joint distributicn of the
model input variables. Ideally, model
input variables should be represented
by empiricslly-validated probability
distributions. In some cases, it may be
possible to formulate an estimate of the
joint distribution of mo-el input
variables from discussions with subject
matter experts (e.g. via histograms for
staiisticaily-independent input
variablcs). The estimat :d population
distribution of exposure will be
equivalent to the distribution discussed
in section 8.d.(2) for equally likely
coml.nations of input variable values
only when the input variable
distributions supported are independent
uniform distributions. When qualitative
knowledge of input variable
distributions is used to estimate the
population distribution of exposure,
uncertainty is characterized by
discussing justifica.lon for the presumed
model and input variable distributions.
Alternative models and/or elternative -
input variable distributions also should
be discusseu. Sensitivity to these
alternatives can be investigated by
estimating the distributions of exposure
that result from plausible alternatives
and comparing the percentiles of the
estimated exposure disiributions. All
available data, even if data are limited,
should be used to validate the presumed
input variable distributions and the

predicted distribution of exposure.

(4) Assessments based on data for
model input variables. The exposure
assessment based on an estimate of the
joint probability distribution for model
input variables can be refined by

collecling sample survey data for model -

input variables for a sample of
populatior, .nembers. The population
distributir.n of exposure can then be
estimated by computing the expected
exposure for each sample member based
on the model. These expected exposures
can be used to directl, compute
confidence interval estimates for
percentiles of the ~vposure distribution.
Alternatively, t - »wiple survey data

S-074999  0060(03)X22-SEP-86-17:09:49) -

can be used to compute joint confidence
interval estimates for percentiles of the
input variable distribution, which can
then be used to generate confidence
interval estimates for percentiles of the
exposure distribution. In either case, the
interval estimates for percentileo of the
exposure distribution are a useful
quantitative characterization.of

‘uncertainty.

Characterization of uncertainty for the
exposure assessment would contain a
thorough discussion of limitations of the
data and justification for the model used
to compute expected exposures. The
design of the sample survey used to
produce the data base should also be
discussed. If a probability sample were
not used, the lack of a probability
sample would be an additional source of

_ uncertainty. Any assumptions used in

computing the confidence interval
estimates, such as independence of '
model input variables, should be
explicitly stated and justified.
Sensitivity to model formulation can be
investigated by estimating the
distribution of exposure for plausible
alternative models and comparing the
estimated percentiles, if sample survey
data have been collected for the input
variables of the alternative models.
Appropriate available data for exposure
should be used to validate the predicted
distribution of exposure. If specific
probability distributions have been

presumed for any model input variables,

the data for these variables should be
used to test for goodness of fit for these

. distributions.

(5) Assessments based on data for

" exposure. A major reduction in the

uncertainty associated with an exposure
assessment can be achieved by directly
measuring the exposure for a sufficiently
large sample of members of the affected
population. This reduction in

uncertainty is achieved by eliminating
the use of a model to predict exposure.
The measured exposure levels can be
used to directly estimate the population
distribution of exposure and confidence
interval estimates for percentiles of the

exposure distribution. Direct confidence A

interval estimates also can be computed
for other characteristics of the exposure
distribution, such as the mean exposure.
These confidence interval estimates
are then the primary characterization of
uncertainty for the exposure o
assessment. Limitations of the data and
design of the sample survey used to
collect the data also should be
discussed. If the sample was not a

probability sample, this wold again be

an additional source of uncertainty.
(6) Summary. A summary of the
primary methods recommended for
characterizing uncertainty in exposure
asgessments is presented in Table 2.
Virtually all exposure assessments,
except those based on measured
exposure levels for a probability sample
of population members, rely upon a
model to predict exposure. The model
may be any mathematical function,
simple or complex, that expresses an
individual’s exposure as a function of .
one or more input variables. Whenever
a model that has not been validated is
used as the basis for an exposure
assessment, the uncertainty associated
with the exposure assessment may-be
substantial. The primary .
characterization of uncertainty is a

.least partly qualitative in this case, i.e.,

it includes a description of the
assumptions inherent in the model and
their justification. Plausible alternative

- models should be discussed. Sensitivity

of the exposure assessment to model
formulation can be investigated by
replicating the assessment for plausible
alternative models.

TABLE 2.—SUMMARY OF PRIMARY METHODS FOR CHARACTERIZING UNCERTAINTY FOR ESTIMATING

F4701.FMT...[16,3C"...4-15-86

EXPOSURES
Primary methods lor characterizing uncertain!
Type and extent of data Population characteristic being el a
Qualitative methods Quantitative methods
Measured exposures for a | Distribution of exposure 1. Umitations of the survey | 1. Confidence interval esti-
lasge sample of . design and messwrement mates for percentiies of
popuiation members. techniques. the exposwre distribution.

2. Goodness of M for ex-
posuwre models, H any
have been postulated.

Moasured axp fora | S y parameter(s) of the expo- | 1. Limitstions of the survey | 1. Confidence interval est-
smafi. sample of sure distribution, ¢.9.. mean or 8 design and measurement mate for the summary
population members. percentile. . techniques. perameter(s). .

2. Goodness of fit for ex-
posure mod-is, i sny
heve been postulated.

Measurod mode! input Distribution of exposure 1. Limitations of the survey | 1. Confidence interval esti-
 wvasigbies for a lasge design and measurement mates for percenties of -
samy..e of population techniques. the exposure distribution.
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TABLE 2.—~SUMMARY OF PRIMARY METHOOS FOR CHARACTERIZING UNCERTAINTY FOR ESTIMATING

ExpPOSURES—~Continued
Primeary methods for charactertzing unoertainty
Typs and extent of deta Wmm
Qualitative methods Quantitative methods
J 2. vakaity of the exposure | 2. Goodness of Mt for input
modet. variable distribution func-
tiors, # any huve been
3. Estimetud distribution of
exposure bassd on after.
. native modets.
Estrmated distributions of | Distribution of ©xposwre 1. Validity of the exp 1. Confid iMerval st~
model iInput varables. . model. mates for perocenties of
the Jstrirution.
2. Limiations of the data | 2. Goodnees of At for input
or other besis for the | vwisble disributions, ¥
Input  veriable distriby- iImt veriable Jata ere
3. Estimatad distribution of
exposure besed on alter
native mocels.
Limited dets for model Minimum, maximum, and range of the | 1. Limitations of the data...... M input vereble dats are
input variables. sxposure distribution. 2. Vaiidity of the nxposure vory Imited, e.g.. some
. oxiant data cullected for
other purposas, quantia-
tive characterizadon of
uncertainty \nay not be
possible.

When an exposure assessment is
based on directly measured exposure
levels for a probability sample of

population members, uncertainty can be

greatly reduced and described
quantitatively. In this cate, the primary
sources of uncertainty are measurement
errors and sumpling errors. The effects -
of these sources of error are measured
quantitatively by confidence interval
estimates of percentiles of the exposure
distribution. Moreover, the sampling
errors can be livrited by taking a large
sample.

Whenever it is not feasible to take a
large sample, it is sometimes possible to
obtain at Jeast some data for exposure
and model input variables. These data
should be used to assess goodness of fit
of the model and/or presumed
distributions of input variables. This
substantially reduces the amount of
quantitative uncertainty for estimation

. of the distribution of expostire and is

strongly recommended. It is recognized,
however, that it may not be feasible to
collect such data.

9. References. The references should
contain a listing of all reports,
documents, articles, memoranda,

" contacts, etc. that have been cited in the

report.

10. Appendices. The appendices Liay
contsin such i‘ems as memoranda and
letters that are not readily accessible,
other tables of measurements, detailed
lists of emission sources, detailed tables
of exposures, process flow diagrams,
mathematical model formulations, or
any other item that may be needed to
describe or document the sxposurs
assessment.
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Part B: Response to Public and Science
Advisory Board Comments

L Introduction

This section summarizes some of the
issues raised in public comments on the

- Proposed Guidelines for Exposure

Assessment published November 23,

1984 (49 FR 46304). Comments were
received from 29 individuals or

organizations. The Agency’s initial
summary of comments was presented to
the Exposure Assessment Guidelines
Review Group of the Science Advisory
Board (SAB) on March 4, 1885. At its

_ April 22-23, 1985, meeting, the panel

provided the Agency with suggestions
and recommendations concerning the
Guidelines. o

The SAB and public commentors
expressed diverse opinions and
addressed issues from a variety of
perspectives. While most commentors
supported the Guidelines, two urged
withdrawal of the document. The SAB
Panel recommended that supplementary
guidelines be written on the use of
tneasurements in preparing exposure
assessments. In addition, the Panel
wished to see a greater emphasis in the
current Guidelines on the use of
measured data rather than models in
generating exposure assessments. The
Panel recommended that the technicsl
support document entitled
“Methodology for Characterization of
Uncertainty in Exposure Assessments” -
be expanded with additional examples.

In response to the comments, the '
Agency has modified or clarified many
sections of the Guidelines, and is
planning to develop supplementary
guidance in line with the SAB

F4701.FMT...[16,30)...4-15-88

recommendations. The discussion that
follows highlights significant issues
raised in the comments, and the
Agency's response to them. Also, many
minor recommer.dations, which do not
warrar. discussion here, were adopted

- by the Agency.

II. General Information
A. Acceptable Latitude of Approach

Some commentors believe the
Guidelines are too general and allow too

much latitude in choice of approach and .

do not assure that “all” data, sources,
limitaticns, etc. are considered before an
exposure assegsment is conducted.
Others suggested that the / gency
specify models to be used whiie others :
thought tnat only measured data should
be allowed.

The Guidelines were developed to
provide assistance in carrying out .

" exposure assessments. The approach

suggested is deliberately general in
order to accommodate the development
of exposure assessments with different

levels of detail depending on the scope

of the assessment. The Agency does not
agree with the inclusion of such -
restrictive terminology as “in all cases.”
We cannot foresee all possible cases.
We believe reasonable flexibility is a
necessary ingredient for the proper
implementation of the Guidelines while
relying on uncertainty and sensitivity
analyses to put the quality of the
approach in perspective

B. Technical Nature of Guidelines

Some commentors believe the
language of the document is too
technical for the lay person to
understand; one commentor expressed
misgivings concerning the *'state-of-the-
art” methods available for conducting

~ exposure assessments.

While the Agency recognizes lhat the .
public has an interest in the Guidelines -
and invites comments from the public,
the Guidelines are intended for use by
technical/professional people. Providing
guidelines written in lay terms would
result in incufficient technical
specifications to the professionals in the
development of scientifically acceptable
exposure assessments. '

The Agency believes that the.
suggested procedures and methods in
the Guidelines are commonly accepted.
The Guidelines do not suggest the use of
ad hoc, untested, and unvalidated

procedures, but stress the use of the best '

scientific methods available with
maximum analysis of existing data. This
is both a scientific and practical
approach that reflects the level of
consensus within the Agency.
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C. Measurements vs. Modeiing

Some commentors support the use of
measurements alone to develop an
exposure assessment. Some believed
there should be no data restraints;
others thought all data should be
validated. Other commentors argued for
the use of simulation model estimates
without measurements. One commentor
objected to the use of unvalidated
models to perform exposure
assessments. In its review, the SAB
strongly encouraged the Agency to
develop a supplement to the current
Guidelines on the development and use
of measurements for exposure
assessments. :

The Agency encourages the use of
validated measurements when
available. The Guidelines specifically
state that “Reliable, analytically
determined values should be given
precedence over estimated values . . .

and analytically determined values *. . .

can be used to calibrate. . . models. . .
to assess environmental distribution.”
Furthermore, in practice, exposure
assessments performed by the Agency
use published models with varying
degrees of testing and validation. It is
our belief that transport process models
have been adequately validated over
many years in most cases.

Furthermore, the Agency has revised
the Guidelines to reflect the SAB
suggestions that exposure assessments
based on reliable measured data are
preferred over model estimates
whenever feasible.

III. Data Availability and Uncertainty
Analysis

A. Information Uses

Some commentors asked for guidance
in the use of information that may be
false and how to deal with the potential
situation when different models give
different results. Others asked for model
selection criteria.

The Guidelines clearly state the
considerations that need to be
addressed when assembling information
bases for exposure assessments. Two

. considerations are: qualitative and

quantitative nature of the data and the
reliability of the information. Whether
the exposure assessment is based on
measurements or simulation model
estimates, an evaluation of uncertainties
associated with the data including
source data and assumptions is
necesrary and Important.

When there is uncertainty in the
scientific facts, it is Agency policy to err
on the side of public safety. The Agency
intends to be realistic, but will nct
arbitrarily select midranges of
environmental distributions that may

$-074999  0062(03X22-SEP-86-17:09:54)

compre inise human health. In addition,
quality assurance is an important matter
that requires detailed attention. The
collection ~f measured data and the
developme::t of methods to collect
measureme:-.3 are done by another
office within the EPA. These issues will
be handled by :he Office of Acid
Deposition, Environmental Monitoring,
and Quality Ass" ance as they develop
the supplementa. ruidelines for
measurement of exposure,

Substantial work is currently being
done on the develop ent of
mathematical modef{ selection criteria.
Results of these efforts will be published
as a technical support document
containing detailed information to
further implement the Guidelines.

B. Worst-Case Estimates

A few commentors were concerned
that worst-case estimates would be used
when data are nonexistent or limited.
The Guidelines do not encourage the use
of worst-case assessments, but rather
the development of realistic
assessments based on the best data
available.

A technical support document and a
substantial section of the Guidelines
currently discuss evaluation of
uncertainty in order to produce
objective assessments using the best
(not worst-case) estimates available
either for preliminary or in-depth
exposure assessments. However, the
Agency will err on the side of public
health when evaluating uncertainties
when data are limited or nonexistent.

IV. Evaluation of Uncertainties
A. Uncertainty Analysis

Many commentors felt that the
sections of the Guidelines that dealt
with uncertainty needed amplificatiun
while some sections as written were
confusing. Some urged that uncertainty
evaluation be presented and
documented for each section within a

. specific exposure scenario in order to

judge the overall plausibility of the
assessment in reaching regulatory
decisions.

Since the accuracy of an exposure

‘assessment is influenced by the degrees

of uncertainty contained in both data
and assumptions, the Guidelinus call for
the evaluation of these uncertainties.
The technical support document,
Methodology for Characterization of

‘Uncertainty in Exposure Assessments
- (avallable from the National Technical

Information Service, PB85-240455),
describes in detail how such analyses
can be performed. The Guldelines
suggest that the uncertainty

characterization include a discussion of

F4701.FMT...[16.30]...4-15-88

the limitations of the data and
estimation procedures as the

. justification for the model chosen. A

sensitivity analysis of the exposure
assessment is appropriate if the data
were only able to supporl the estimates
of ranges of the input variablcs. 3y
f{dentifying model input variehles that
determine the bounds on th. distribution -
of exposure, the range of exj.osure,
which resulits as individual 1modJel input
variables are varied from mu.imum to
maximum possible values as oiher
variables remain constant, constitutes
the sensitivity analysis. Further.
sensitivity of model formulation can be
examined by repeating the sensitivity
analysis for plausible alternative
models.

Nothing in the Guidelines precludes
estimation of uncertainty for each
specific expcsure scenario. The Agency
has encouraged the evaluation of
uncertainty in each aspect of the
exposure agsessment, which could
impact the total risk estimate. It is .
important to estimate the level of
uncertainty in risk assessments so that -
decisions based on risk assessment will
reflect total uncertainty. The

- information presented in the Guidelines

or the technical support documents
properly and adequately describes the
extent and quality of appropriate
uncertainty analysis. Recognizing that -
the basis for the decision to refine a
preliminary exposura assessment
involves risk management, the Agency,
at the suggestion of many comiaentors,

- decidedl to strike from the Guidelines the

paragraph beginning “Uf the maximua

- possible exposure . . . ."” in section

HLB.8.d.(2). ,
B. Population Characterization
The Guidelines state that

_identification of populations and

subpopulations at potentially high
exposure forms the basis of the
populations to be studied. Separate
studies of sensitive subpopulation cau’
also be included. Population
characteristics, such as age and/or sex
distributions, can be derived from the
use of geogrephic and activity-specific
data. Uncertainty related to estimation
of a population characteristic include a
discussion of the data limitations and
the estimation procedures. In addition,
uncertainty in estimating sizes of
sensitive subpopulaticns should include
estimates of confidence intervals.
Some commentors suggested the
inclusion of additional characteristiis.
such as occupational and life style
factors, and the inclusion of addition:::
guldance concerning potential pitfalls
when conducting population exposur
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assessments. Others expressed concern
that the exposure of a particular
subpopulation would be combined with
other exposures to produce an average
exposure level for the general
population,

The section describing population
characterization encompasses, in
peneral terms, the many charactc "istics
that may be available, including life
style factors, to describe exposed
populations. The Agency agrees that
there are difficulties associated with
epidemiologic studies. The relationship
between exposure assessraents and
epidemiologic studies is currently being
investigated and will be the subject ¢§ a
future technical support document and
the further refinement of the Guidelines.

V. Clarification of Terminology
A. Exposure vs. Dose

Commentors expressed concern with
the American Society for Testing and
Materials (ASTM) definition of
exposure. Concern was also raised
about the assertion that exposures can
be estimated when biological tissues for
fluid measurements indicate the
presence of a chemical. Some
commentors found difficulty in the
wording of the last sentence in section
ILA., speciﬂcally “The route of
exposure . lmpacts . the overall
exposure ,

It is the Agency 8 opinlon that the
metabers who served on the ASTM
Committee E-47 had expertise in
exposure assessment. The scientists and

engineers cumlatively possessed many

years of experience in exposure
assessment. In addition, no technical

~ society has presented an alternate

* definition of exposure. The Agency will
consider changing the definition if a
reasonable alternate defnition is
written and agreed upon by the
scientific community,

The Agency agrees with the

_ commentocs who were concerned that
the wording provided in the Guidelines
that the presence of a chemical in
biological tissue can be used to estimate
exposure is not correct in all cases.
Consequently, the word 'can” was

S-074999 0063(03X22-SEP-86-17:09:57)

changed tn “may" to reflect the current
level of understanding between tissue

. residue and exposure (ILA., 2nd

paragraph, 4th sentence). The Agency
agrees with several commentors’
concerns that the route of exposure
impacts the overall absorbed dose, not
the overall exposure, and the Guidelines
reflect this change (II.A., last sentence).

B. Mixtures snd Synergism

Some commentots thought more
discussion was necessary on the effect
of chemical mixtures and potential
synergistic effect on exposure. The
Guidelines for the Health Risk
Assessment of Chemical Mixtures
includes a discussion of chemical
synergism. The Agency recognizes the
need to do further work in the area of
exposure to mixtures. It is recommended
that this be identified as an area

~ requiring further research.

These Guidelines stresn the need to
determine the products into which the
chemical might degrade or react in the
environment and to determine if any of
these procucts are ecologically or
biologically harmful.

C. Removal and Creation Steps

Some commentors urged that more
emphasis be placed on changes that
occur once the materials have entered
the ambient environment. Other
commentors argued that our current
understanding will not allow a
comprehensive treatment, particularly
for metabolic processes.

These Guidelines state the need to
address how a chemical agent moves
from the source to the exposed
population, which may result in the
estimation of geographic and temporal
distributions in various environmental
media. The Guidelines also state the
need to know such factors as, for

~ example, whether the chemicel agent
bioaccumulates or by what mechanism -

the agent {s removed from each medium
and the role of any degradation products
on ecological safety. We have already
stated that guicance for analysis of
metabolism data is an area of ongoing
research which includes consideration

of métabolism data in the calculation of
whole organism dose from one species
to another.

- VI. Purpose, Philosophy, and Results

Several commentors raised questions
related to the basic style of the
Guidelines. Among the issues raised
were: '

e the role of exposure assessment in
risk assessment/risk management
{many comments directed to
appropriateness of Figure 1});

* gtatutory/regulatory authority and
uses of results; and

e the need for peer review of
assessments and periodic updating of
Guidelines.

A deliberate effort to separate risk
assessment from risk management has
be2en made. The management of
complex issues such as procedural
issues, which include coordination or
linkage among divisions in the Agency,
are best dealt with by management and
not in Guidelines. » _

The decision pathway (Figure 1) was
included in the Guidelines at the
recommendation of the SAB. It has
drawn many comments. The changes
‘suggested would include additional
detail and steps that would diminish the
value of the graphic. However, the figure.
has been truncated to remove risk :
management steps.

In order to remain consistent with the
‘separation of risk assessment and risk
management, any directions to consider
applicable laws or regulatory decisions
have been stricken from the Guidelines.

The Agency agrees that peer review is
an important aspect of the assessment
process. However, emergency cases
may not allow peer review in ‘
preliminary assessments. All

. nonemergency expostre assessments

have been peer reviewed and will
continue to be peer reviewed. Finally, it
is clearly stated in the Guidelines that
periodic revision of the document will
be done to reflect the benefit of
experience and knowledge.

[FR Doc. 88-18604 Filed 9-23-886; 8:45 a.m.)
BILLING CODE 6500~-80-M .
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September 24, 1986

Part VII

Environmental
Protection Agency

40 CFR Part 61

National Emission Standards for

- Hazardous Air Pollutants (NESHAPs);

Standards for Radon-222 Emissien From
Licensed Uranium Mill Tailings; Final Rule
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 61

{AO-FR-3060-7)

National Emission Standards for
Hazardous Air Pollutants (NESHAPs);
Standards for Radon-222 Emissions
fFrom Licensed Uranium Mill Tailings

AGENCY: Favironmental Pratection
Agency (EPA).
ACTION: Final rule.

SUMMARY: This final rule establishes .
wurk practices that apply to tailings at
licensed uranium mill sites. Radon-222 is
emitted from these tailings in amounts
sufficient 1o produce a risk to public
health. The work practices estublished
here will limit the emissions of radon-
222 in accordance with Section 112 of .
the Clean Air Act.

EFFECTIVE DATE: The finul rule is
eflective on September 24, 1986.

ADDRESSEES: The rulemaking record is
contuined in Docket No. A-79-11. This
docket is avuilable for public inspection
between 6:00 a.m. and 4:00 p.m., Monday
through Friday, at EPA’s Central Docket
Section, West Tower Lobby, Gallery
One, Wauterside Mall, 401 M Street, SW.,
Washington, DC 20460. A reasonuble fee
may be charged for copying.

FOR FURTHER INFORMATION CONTACT:
Terrence A. McLaughlin, Chief,
Environmental Standards Branch,
Criteria #nd Standards Division (ANR-
460). Oftice of Rudiation Programs, U.S.
Environmental Protection Agency,
Washington, DC 20460, (202) 475-9610.
SUPPLEMENTARY INFORMATION:

1. Supporting Documents

The druft buckground information
document and draft economic analysis
issued in scpport of the proposed rule
have been revised in response to public
comments and are now issued in final
form titled, respectively, “Background -
Information Document—Final Rule for
Radon-222 Emissions from Licensed
Uranium Mill Tailings” (EPA 520/1-86~
009) and “Economic Analysis—Final
Rule for Rudon-222 Frissions from
Licensed Uranium Mill Tailings” (EPA
520/1-86-010).

The documents cuntain projections of
rudon cmissions and the resulting risks
to neurby individuals and to populations
dae to the operation of the uranium
milling industry, a description of radon
control technulogy and associated costs,
and an environmental and economic
anulysis of the effects of alternative
control strategies on the industry.

In addition, the Agency's summary of
public comments on the proposed rule,
together with the Agency's reply 1o
these comments, are contuined in the
document “Response to Comments—
Final Rule for Raudon-222 Emissions from
Licensed Uranium Mill Tailings” (EPA
520,/1-86-011).

_Single copies of these documents may
be obtained from the Progrum
Management Office (ANR-459), Office
of Radiation Programs, Environmental
Protection Agency, Washington, DC
20460, (202) 475-8366.

I1. Basic Terms Used in the Notice

Definitions cf basic terms used in this
notice are given below:

1. ALARA—A practice in radiation
protection that encourages radionuclide
emissions to be kept "us low as
reasonably achievable.”

2. Continuous disposal—A method of
tailings management and disposal in
which tailings are dewatered by
mechanical methods soon after
generation. The dried tailings are then
placed in trenches or other disposal
areas and immediately covered.

3. Covered—Disposal of tailings in
accordance with specificutions required
by regulations appearing at 40 CFR Part
192 and issued under the Uranium Mil}
Tailings Radiation Control Act
(UMTRCA).

4. Mill tailings—The waste resulting
from conventional milling of uranium
ore. Tailings are classified as either
sands or slimes depending on purticle
size. Processing 1 ton of ore produces
approximately 1 ton of tailings.

5. Phused disposal—A method of
tailings management and disposal that
uses a series of small itnpoundments.
Tailings are pumped to one '
impoundment until it is filled and then
pumped to the next impoundinent. The
filled impoundment is actively
dewatered, or allowed to dry naturally,
and then immediately recluimed.

6.-laudon—Radon-222; an inert
radioactive gas.

7. Radon decay products—The seven
principal radionuclides that are
produced as radon-222 decays to
nonradioactive lead. Rudon-222 short-
lived decay products means the four
radionuclides with kali-lives less than
20 minutes produced us radon-222
deciiys to lead-210.

8. Single cell disposal—A method of
tuilings management that uses a large
impoundment designed to contain all
tailings generated during the lifetime of
the mill. At the end of the mill life the
impoundment is actively dewatered or
allowed to dry and is then immediately
recluimed.

9. Tailings pile—The on-site waste
impoundment in which tailings are
deposited. .

111. Background
A. Industry Description

Uranium milling involves the hundling
of large quantities of ore containing
uranium and its decay products. In this
ore, the concentration of uranium and its
decay products is about one thousand
times greater than in ather racks and
soils. Uranium milling recovers the
uranium in the ore by mechanical and
chemical processes that generate waste
tailings. The ore is first crushed,
blended, and ground to the proper size
for the leaching process, which extracts
uranium. Several leaching processes are
used, including the use of acid, alkali,
and a combination of the two. After
uranium is leached from the ore, it is
concentrated from the leachate through
ion exchange or solvent extraction. The
concentrated uranium is then extracted
from the concentrating medium,
precipitated, dried, and packaged. The
depleted ore, in the form of tailings, is
pumped to a tailings pile as a slurry.

Since ore generally contains less than
0.5 percent uranium by weight, every ton
of ore processed results in almost a ton
of tailings. The tailings contain virtually
all of the uranium decasy products
present in the ore, including thorium-230
and radium-226, which decay to radon.
Previous risk analyses have shown that
radon presents the highest risk of any
radionuclide released to air at uranium
mills and that the tailings pile is the
most significant source of radon.

The 26 licensed uranium mills in the
Uniled States are located in Colorado,
New Mexico, South Dukota, Texas,
Utah, Washington, and Wyoming. In
addition, four mills have been licensed
but not built. The milling industry is
depressed due to a decline in the
demand for urunium and competition
from low-cost foreign sources. Three
mills are actively processing ore, 17 are
on standby and could process ore in the
future if market conditions improve, and

. 6 are being decommissioned and will no

longer process ore. The 20 licensed mills
that are actively processing ore or on_
standby were considered in the
analyses reported in the supporling
documentation. These 20 mills have
ubout 35 tailings impoundments
associated with them. Recently, three of
these mills have indicuted to the NRC
that they will no longer process ore und
intend to reclaim the sites.

Past milling activities have generated
about 200 million tons of tailings.
Production at conventional mills peuked
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in 1980, when 21 mills recovered more
than 17 thousand tons of uranium and
generated more than 14 million tons of
tailings. The industry is currently
operating at about 10 percent of
capacity due to the depressed market.
At this level of production, the industry
is recovering about 1.8 thousand tons of
uranium and generaling about 1.4
million tons of new tailings annually. At

full capacity, the industry could generate
approximately 14 million tons of tailings -

a year.

B. Estimates of Exposure and Risk

Exposure estimates are based on
radon emissions from tailings piles,
since emissions and risks from other
parts of a uranium mill are small in
comparison. Radon emission rate
estimates are based on the radium-226
concentration in the tailings using the
relationship of 1 picocurie of radon

emitted per square meter per second for

each picocurie of radium-226 per gram of
tailings. It is assumed that the radium-
226 i3 evenly mixed throughout the
tailings and that radon is emitted from
all dry exposed surfaces of tailings. The
radium-226 content of the tailings is
derived {rom the relationship of one-
tenth of one percent of uranium in ore
equalling 280 picocuries of radium-226
per gram of ore and the assumption that
all the radium-228 in the ore finds its
way into the tailings pile.

Standard meteorological transport
models are used to estimate radon
concentrations in air at various .
distances from the piles. Exposure to
radon decay products is then estimated
from the radon concentration in air. The
final risk estimates are a product of the
units of radon decay product exposure
levels and a risk factor that relates risk
1o a single unit of exposure.

Two measures of human exposure are
of particular interest: “nearby individual
risk™ and “total population impact”. The’
former refers to the estimated increased
lifetime risk to individuals who spend
their entire life at the location of existing
residences where predicted
concentrations of the pollutant are
highest. Nearby individual rigk is
expressed as a probability; for example,
a risk of one in one thousand means that
a person spending his lifetime at the

"point of maximum exposure has an
estimated increased risk of one in one
thousand of developing a fatal cancer.
Estimates of nearby individual rigk are
best estimates, and are not upper bound
estimates.

The second measure, "lotal
population impact”, considers peogle
exposed at all concentrations, low as
well as high, and it considers people
exposed throughout the United States,

as appropriate. [t is expressed in terms
of annual number of fatal cancer cases
und provides a measure of the overall
impact on public health. For example, a
total population impact of 0.5 fatal
cancer cases per year means that
emissions of the specific pollutant are
predicted to cause one case of cancer
every 2 years. As distance from a source
increases, risks to specific persons
decrease and become extremely small;
but, considering the total population
exposed, the sums of these risks may be
significant.

The two estimates together provide a
better description of the magnitude and
distribution of risk than either number
alone. "Nearby individual risk™ gives an
estimate of the highest risk, but not how
many people may bear that risk. “Total
population impact” describes the overall
estimated health impact on the entire
exposed population, but not how much
risk the most exposed persons may bear,
For example, two sources of
radionuclide or chemical emissions
could have similar population impacts
but very different maximum individual
risks, or vice versa. Both estimates are
important and both are used in making
risk management decisions. The risk
estimates should not be viewed as
precise determinations of likely health
damage, but rather as a general
indication of estimated health risk.

EPA's analysis of risks due to radon
emissions from existing uranium tailings.
piles concluded:

1. Lung cancer, which is caused by the
short-lived decay products of radan, is
the dominant health hazard from
tailings. Estimated elfects of gamma
radiation and of long-lived decay )
products of radon are less significant,
although high gamma radiation
exposures may somelimes occur,

2. Individuals living near an
uncontrolled tailings pile are subject to
high risks due to radon emitted from
tailings. Radon contained in the ambient
air enters homes and other structures
built near the mill throngh doors and
other openings in the structure. The
resulting radon decay products tend to
concentrate indoors, thus exposing the
occupants to potentially harmful levels
of these radionuclides. The EPA
estimates that, at present, some persons
may be exposed to risks that are as high
as one in one hundred. This eslimate is
based on median risk estimates and an
assumed exposure of 70-years during
which emission levels remain the same
as present values. Of course, this time
period is longer than assumed in EPA’s
“40-year” analysis. Using the 40-year
analysis, an exposure posing this level
of risk could only occur if an individual
remained at that location for the full 70-

year period, and the pile presenting that
risk was replaced after closure by
another pile presenting the same risk
factors. .

3. Based on models for the risk to all
exposed populations {local, regional, -
and national), about one to five fatal
cancers per year are estimated from
emissions of radon from tailings at the
20 mill sites being considered here. if nn
controls are present. If the tailings at all
sites were to dry out, it is estimated that
the risk could rise to about two to nine
fatal cancers per year. However, not all
of the piles are expected to dry out at
the same time. Approximately one half
of these deaths are estimated to cocur
within 80 kilometers of the tailings piles.

There is substantial uncertainty in
these estimates because of uncertainties
in the emission rates of radon from
tailings sites, in the exposure people will
receive from its decay products, and
from incomplete knowledge of the
effects on people due to these
exposures. The values presented keve
represent best estimates based on
current knowledge. Examples of fastory
leading to possible underestimation of
risk include: the use of median rather
than upper bound risk factors, ignoring
radon sources at a mill site other than
the tailings pile. and not considering
piles where owners have indicated
intent to reclaim their pile but have nol
done so for long periods. Risks could be
overestimated if owners reclaim piles
faster than EPA assumes, if radon
emissions are smaller due to less
radium-226 in a pile than is estimatad, or
if the radon emanation rate is lawer
than EPA estimates it to be.
Additionally. since these estimatos are

- based on current pile sizes and

population distributions, as nearby v
populations increase or decrease in the
future, the estimated irpacts wouid
vary. [{ specific information indicates
radon emissions rates were lower, then
risk estimates could be lower.

In gereral, much more is known abaul
the risks from exposure lo radiation
than exposure to most chemicals. While
there is uncertainty in risk estimates
from assessments of chemical emissions
and radionuclide emissions, there is
much less uncertainty in estimates of
risk from radionuclide emissions
because of the extensive data base on
the effects of human exposure to
radiation. Therefore, a risk estimite
resulting from exposure to radionuclides
ia likely to be more accurate than the
same estimate for chemical expesures.

C. History of Standard Development

The Agency's standards for Nuclear
Power Operation (40 CFR Part 190)

+




3

34058 Federal Register / Vol. 51, No. 185 / Wednesday, September 24, 1986 / Rules and Regulations

issuced under the Atomic Energy Act (42
FR 2858 (January 13, 1977)) limit the total
individual raudiation dose caused by
emissions from facilities that make up
the uranium fuel cycle, including
licensed uranium mills. However, when
40 CFR Pirt 190 was promulgated,
considerable uncertainty existed about
the public health impact of existing
levels of radon in the air, as well us
uncertainty about the best method for
management of new man-made sources
of radon. The EPA exempted radon from
coverage under 40 CFR Part 190 since
the problems associated with emissions
of this radionuclide were sufficiently -
different from those of other radioactive
miterials associated with the fuel cycle
to warrant separate consideration.

EPA hus also issued standards (48 FR
45926 (October 7, 1983)) for uranium and
thorium mill tailings at commercial
processing licensed sites under the

Uranium Mill Tailings Radiation Cunlrul_'

Act of 1978 (UMTRCA), which amends
the Atomic Energy Act {AEA). These
standards for disposal of tailings require
stabilization of tuilings on final disposal
s0 that the associated health hazurds
will be controlled and limited for 1000
years to the extent reasonably
achievable, in any case, for at leust 200
years. The standards limit releases of
riadon to the air after disposal, and
require measures to limit releases of
rudionuclides and other hazardous
substunces to water (40 CFR Part 192,
Subparts D and E). In the prcamble to
these stundards, the Agency discussed
the relationship between UMTRCA and
the Clean Air Act (CAA) and indicated
its intent to publish an Advanced Notice
of Proposed Rulemaking (ANPR) to
consider additional control of radon
emissions during the operational phase
of mills.

Section 122 of the CAA required EPA
1o determine whether or not to regulite
rudioactive pollutants based on an
assessment of risks to public health,
After seeking public comment (44 FR
21704 (April 11, 1979)), EPA listed
airborne emissions of radionuclides as
hazardous air pollutants under scction
112 of the CAA (44 FR 76738 (December
27,1979j). Based on that listing, EPA
subsequently promulgated standards
under section 112 for Department of
Energy (DOE) facilities, Nuclear
Regulatory Commission (NRC) licensed
fucilities and non-DOE Federal facilities,
elemental phosphorus plants, and v
underground uranium mines (50 FR 5190
{February 8, 1985 and 50 FR 15386 (April
17. 1985)).

On October 31, 1984, EPA issued its
ANPR to inform interested parties that
the Agency was considering issuing

standards under the CAA to limit radon
emissions from licensed uranium mills
(49 FR 43916 (October 31, 1984)).
Subsequently, EPA entered into a
stipulation with the Sierra Club to
promulgate such standards, or delist
radionuclides, by May 1, 1986. This
agreement was entered as a consent
order by the United States District Court
for the Northern District of California
(Civil No. C-84-0656 WHO).

On February 21, 1986, EPA issued
proposed standards for radon emissions
from licensed uranium mills and
announced a public hearing (51 FR 6362
(February 21, 1986)). The hearing was
held in Denver, Colorado, on March 25,
1986 (51 FR 8205 (March 10, 1966)). A
transcript of the hearing was placed in
the Docket und the comment period was
extended to April 28, 1986.

Due to the complexity of the proposed
rule and the need for an extended
comment period, EPA and the Sierra
Club entered into a second stipulation to
extend the deadline to August 15, 1986.
The district court granted the extension
on motion of the parties.

IV. Summary of Proposed Standards

As noted earlier, EPA published a
proposed rulemaking regarding control
of radon-222 emissions from tailings
piles at licensed sites on February 21,
1986 (51 FR 6362). That notice
announced that EPA was considering
various work practice standards for
limiting such emissions based on its
preliminary conclusions that it is not
feasible to set an emissions standard,
and that the nature of the risk involved
warrants a regulatory response.

In its proposal, EPA presented three
work practices, including improved
methods for disposal of newly generated
tailings, various timing requirements for
use of these improved methods, and
interim covers. The improved methods
of disposal of newly generated tailings
were a large, single pile with immediate
closure, phased disposal, and
continuous disposal involving
dewatering and covering of tailings. EPA

also stated it was considering

alternatives of allowing new tailings to
be added to existing piles over a range
of times, including 5 years, 10 years, 15
years and an undefinite period of time
into the future. (An exception from the
latter requirements was proposed where
existing tailings impoundments were
lined.)

That proposal also discussed two
available options for controlling radon-
222 emissions from existing piles. It
concluded that earthen covers might be
placed over dry tailings beaches and
embankments constructed of sand
tailings. It noted that dry beaches

typically cover 60 percent of the total
tailings area during the operational
phase of a mill and that this percentage
could be significantly larger during
periods of extended,shutdown. It also
noted that use of existing tailings piles
could be terminated. While a dry out
period would ensue during which
emissions would unavoidably increase
prior to disposal in accordance with
Federal standards under UMTRCA, this
is an unavoidable result of disposal.

V. Summary of Responscs To Comment

The Agency has reviewed all
submittals to the docket and testimony
given at the public hearing. A complete
discussion of all substantive comments
and the Agency's response to them
appears in “Response to Comments—
Proposed Rule for Radon-222 Emissions
from Licensed Uranium Mills Tailings”
(EPA 500/1-86-011); the document may
be obtained from the Program
Management Office (ANR—459), Office
of Radiation Programs, Environmental
Protection Agency, Washington, DC
20460. A summary of major concerns,
together with the Agency’s responses,
are presented below.

Legal and Procedural

Mauny commenters stated that there is
no need for regulation under the CAA
because existing regulations developed
under the AEA and the UMTRCA and
license conditions administered by the
NRC and its agreement States
adequately protect the public from risk
due to radon. The Agency estimates the
individual lifetime risk may be as high
as 1in 100, assuming 70 years of
exposure. The population risk is
estimated to be 1 to 5 deaths per year
under current industry and regulatory
conditions. The Agency believes that
these risks are significant and that there
is a need for standards under the CAA
to protect public health with an ample
margin of safety.

A number of commenters addressed
ground water quality and stated that it
should not be considered in regulating
radon under the CAA. The Agency has
not developed this rule to regulate
ground water. Ground water protection
standards are currently in force and
being implemented under the UMTRCA
standards (40 CFR Part 192). However,
potential effects of various alternatives
on ground water were considered as
part of the analysis of the impacts of this
rule, since EPA has a responsibility to
consider the impacts that its rules may
have on the total environment. In part,
this is done to ensure that regulations do
not control pollution in one
environmental medium only to degrade
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cancers committed under this scenario
to serve as a point of reference and has
also evaluated a 20-year standby period
scenario. Both periods were considered
when the final rule was selected.
Several commenters stated that it
would take about 8 years to design,
licensc and construct a new tailings
management process. One commenter
said it could take more than 10 years,
and one commenter said 5 years was
sufficient. The EPA agrees that, based
on the comments received from the
NRC, States, and individual companies,
a 3-year period to design, license, and

construct a new tailings impoundinent is

unrealistically short. The Agency judges
that a period of 6 years is the time
needed to design, permit, and construct
a new tailings impoundment. Extensions
to allow more time will be available, if
due to circumstances beyond their
contsol, mill operators are unable to
complete a new impoundment within
that period. '
Several commenters stated that more
accurate site-specific emanation factors
should be used as opposed to using the
relationship of 1 pCi/m3-s per pCi Ra-
226/g tuilings. The Agency used a factor
of 1 pCi/m2-s per pCi Ra-226/g of
tailings for all dry areas and a factor of
zero fur wet areas. This same fuctor was
used for the UMTRCA rulemaking and is
the factor used by NRC. An attempt was
made to develop a formula, using site
specilic characteristics, that would
provide a more precise estimate of
emissions. However, the formula has not
hieen verified by the Agency’s internal
review process or by independent
experts and data on the site-specific
characteristics needed to derive such
estimates are not available. For these

the use of the previously accepted
factor. ,

‘The NRC stated that recent literature
indicates that a water cover may not be
as effective in reducing radon emissions
as previously thought. Recent technical
assessments of radon emissions from
tailings covered with water are less than
2 percent of emissions from dry tailings.
The Agency believes that assuming no
emissions from wet tailings as compared
to the more accurate 2 percent emission
rate is an insignificant error in the
context of this rulemaking. The Agency
assumed an emission rate of zero for all
tailings covered with water or saturated
with water in estimating radon
emissions,

Risk

A commenter stated that a site-
specific rule based on a lifetime risk of
one in a million should be set for each
miil to determine the allowable exposed

surface area. The EPA has not accepted
the proposition that the standard must
reduce risk to a predefined value, such
as a level of one in a million. The EPA
believes that it must protect the public
with an ample margin of safety and that
this requirement provides the Agency
with flexibility to consider the
magnitude of the risks, the practicality
of measures to reduce risks, and other
relevant factors. This is a judgment
based on many factors specific to the
source category under consideration.
Several commenters stated that radon
exposure from mill tailings on a regional
and national level is overshadowed by
background radon sources. Therefore,
regional and national risk estimates are
meaningless. The EPA agrees that radon
exposures due to mill tailings, at
locations distant from mill tailings sites,
are small compared to exposures from
some other large sources. However, it
does not follow that it is meaningless to
calculate exposure and risk due to
emissions from such sites. These
calculations are based on procedures
generally regarded as sufficiently

.accurate lo support the setting of

regulalory stundards. The significance
of the risk is judged based on the value

.of the individual and population risk,

and the regulatory options are assessed
based on the degree of risk reduction
and the practicality and reasonableness
of control measures.

Many commenters stated that the
significance of effects of radon from mill
tailings on totul population is negligible
because there are no proven adverse
health effects. The Agency agrees that
the adverse health effects due to radon
emissions from mill tailings piles cannot

- be directly measured due to the high
reasons, the Agency decided to continue -

incidence of lung cancer from other
causes. However, it would be imprudent
to use this as a reason not to regulate

" exposure to carcinogens. The risk

estimates were derived from relative

" risk coefficients, the use of which was

recommended by the Agency's Science
Advisory Board and represent current
scientific knowledge. It is EPA’s position
that, based on current scientific
evidence, excess lung cancers result
from radon emitted by tailings piles and
that the projected numbers of cancers
calculated in the support documents are
sufficient to support a rulemaking.

Economic

Several commenters said that the
proposed rules will have significant
adverse effects on industry’s ability to
contain costs and will threaten the
industry’s future. EPA's analysis shows
that the control measures for new
tuilings disposal practices required in
this rulemaking are similar in cost to

alternative practices already required
by existing regulations and, therefore,
the control measures required by this
rule are not expected to affect the .
industry's viability. With respect to
existing tailings, the major cost of this
rule to industry is moving the timetable
for final cover for existing piles forward .
in time because the sooner new work
practices are implemented, the sooner
industry must undertake the expense of
reclamation. Additional costs may arise
in those cases where new capacity for
tailings disposal will have to be created
to replace the capacity lost during
disposal of the existing piles. As
indicated in the Economic Analysis for
this rulemaking, EPA projects that this
impact will not threaten the viability of
this industry. The Agency concluded
that the costs are reasonable in relation
to the benefits derived and that this
action is consistent with previous
Agency actions.

"VI. Summary and Rationale of Final

Rule
A. Summary

Based on currently available
information, EPA has determined that it
is not feasible to prescribe an emission
standard for radon emissions from
uranium mills. Radon is emitted from the
surfaces of tailings piles in a manner
analogous to fugitive dust emissions and
cannot be emitled through a conveyance
designed and constructed to capture
such radon emissions. Instead, EPA is
requiring an improved work practice for
the disposal of newly generated tailings
and is specifying a date by which all
newly generated tailings must be

managed by this work practice.

EPA expects that, when tailings can
no longer be placed on an existing pile,
Federal and State regulatory agencies
will promptly move to require disposal
of the piles to Federal standards
established by the EPA and
implemented by the NRC under the AEA
as amended by UMTRCA.

This work practice requires that new
tailings be disposed of either in
impoundments that are no larger than 40
acres or by the use of continuous
disposal in which no more than 10 acres
of tailings are exposed at any one time.
All new tailings impoundments must be
designed and constructed to meet this
work practice. Using the first alternative
would require a series of impoundments,
each constructed with earthen dikes or
in a excavated pit and each having a
liner as required by 40 CFR 192. As each
impoundment is filled, it would be dried
out and covered with earthen materials
immediately. This design permits the use
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of a water cover over all tailings during
operations without risk of contaminating
ground water. The water cover scals in
the radon, greatly reducing radon
emissions to air. Also, a series of
impoundments significantly reduces the
amount of unreclaimed tailings at the
end of a mill's lifetime because only one
or two impoundments would still require
closure. By meking final reclamation
easy. the potential for larger areas of dry
tailings to remain uncovered is avoided,
and this too, greatly reduces radon
emissions.

The second procedure, continuous
disposal, is similarly effective. If tailings
are dewatered and immediately buried
on a continuous basis, radon emissions
during the operational phase of the mill
are greatly reduced. At the end of the
mill’s lifetime, only about 10 acres of
tailings require final reclamation. There
is. thus, no potential for large areas of
tailings to remain dry and uncovered as'
a source of radon emissions. A liner is
used to protect ground water.

At mill sites where there are exnstmg
tailings piles, this work practice is to be
phased in on a reasonable schedule. No
later than 2 years after the effective date
of this rule, all owners will either certify
to the Administrator that they do not
intend to build a new tailings
impoundment, or if they wish to build
new tailings impoundments they must
apply to the Administrator for approval
to construct. Within 60 days following
the Administrator's approval, the owner
must apply to the NRC for a license to
construct. Following the granting of a
license by NRC, construction must begin
promptly and must be completed in not
less than 30 months. The entire process
must be completed by December 31,
1992. If the owner is in compliance with
this schedule, new tailings can continue
to be placed on existing piles until the
new impoundments are ready. Those
owners not building new impoundments
may also continue to use their existing
piles until December 31, 1992,

An exception from the preceding
schedule allowing for continued use of
an existing tailings pile will be granted
upon petition to the Administrator,
provided the existing pile meets one of
the followmg conditions: (1) The existing
pile is 40 acres or less and is lined or, (2)
the combined area of all piles at the site
is less than 20 acres. Each exception will
last for five years, at which time the
owner may request a new exception.

A discretionary extension for all or
some of the milestones on the preceding
schedule, allowing for continued use of
an existing tailings pile, may be granted
upon application to the Administrator
for one of the following reasons: (1) The
owner demonstrates it cannot, due to

circumstances beyond its control,
complete a new impoundment before a
construction schedule milestone date or
(2) the owner or operator demonstrates
that an extension is consistent with the
CAA. To make such a demonstration,
the owner must certify that the mill is in
compliance with applicable EPA
standards and NRC regulations and .
license conditions, and makes a
submittal showing that the public is
protected with an ample margin of
safety taking into account the size and
condition of the pile, risks to nearby
individuals and population, length of
extension requested, risk reduction
practices in effect, and the expected

" level of future mill activity. An

extension may be granted for a period
not to exceed 5 years, although the mill
owner will be able to apply for more
than one extension.

No exception or extension is effective

" after December 31, 2001 and no new

tailings may be placed on any existing
tailings pile after that date.

B. Options Considered

In developing this rule, EPA reviewed
a variety of options in the light of
comments received on its proposal. A

fundamental step in this process was

recognizing that the opportunities for
regulatory response to the risks involved
were different for existing tailings and
for new tailings. EPA’s analysis of
regulatory options proceeded on the
basis of this recognition.

With respect to tailings that would be
generated in the future, EPA recognizes
that improved work practices were
available that could limit the period
during which tailings were exposed
prior to disposal. Limiting this exposure
would correspondingly limit risk to
health. The work practices that EPA
examined reduced this exposure in two
ways: first, by placing the tailings on
sites smaller than is now the practice;
second, by placing cover on the tajlings
continuously or at intervals. EPA
analyzed options for new tailings that
varied both as a function of size and as
a function of time.

With respect to tailings that already
existed, EPA’s ability to identify work
practice improvements that would limit
emissions was more limited. The most
direct means for reducing exposures, i.e.,
a permanent thick earth cover or water
cover, could conflict with continued use
of the pile or exacerbate ground water
problems. Measures involving interim or
partial use of earth or water covers were
also evaluated. These options are
described elsewhere in this notice.
Indirect means of reducing exposures
were also explored. These basically
involve limiting the use of the existing

pile for deposition of new tailings by
limiting the period during which new
tailings could be placed on the piles. On
analysis, EPA concluded that volume
restrictions would prove difficult to
administer and that a more feasible
approach would be to limit the future
use of existing piles. In the end, EPA
decided that risk reductions should be
reconciled with continuity of mill
operations by phasing in the transition
to new disposal methods. The best
currently available information
indicates that it will require about six
years for a source to phase in new

“capacity. The specific options

considered are discussed below.
Interim Cover for Existing Piles

The Agency's proposed rule contained
an alternative work practice for existing
tailings piles consisting of interim earth
covers placed on the sides and tops of
dry tailings piles. An interim cover on
dry tailings acts to reduce emissions of
radon. In a wet pile, water acts to
prevent radon emissions so that interim
covers are not needed for the wet
surfaces. Upon reexamination of the
interim cover alternatives and after
consideration of the comments received
on that issue, the Agency has
determined that such covers are not an
appropriate work practice to be required
under this generally applicable rule.

EPA’s model of the interim cover
alternative used in the analysis of the
proposed rule was overly simplistic.
Sources of error included the following
factors:

1. The model did not consider tailings
piles that go on and off standby
repeatedly. In these situations, the
interim cover is buried under new
tailings followed by application of a
new interim cover.

2. The model agsumed the dry areas of
the pile are covered immediately and
that the pile remained on standby for an
extended period of time. This is unlikely,
because regulatory agencies would
require the operator to reclaim sooner
than 40 years.

3. Maintenance costs for interim
covers were ignored.

4. Covering high, sieep slopes with 1
meter of earth is a difficult engineering
feat and may be more expensive and
impractical than the model assumed it to
be, and in practice may endanger
workers.

5. Slimes may underlie tailings
considered to be dry, making such
tailings uncoverable because heavy
equipment necessary to apply the cover
would sink into the pile. If dry tailings
cannot be covered, this would reduce
benefits.
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The Final Background Information
Document and Economic Assessment
containg a revised model that attempts
1o account for these factors. The Agency
now believes that interim cover is’
inappropriate as a generally applicable
work practice. ] _

The appropristeness of interim cover
can only be evaluated on a site-by-site
basis. Though its use in some cases
.would be practicable and could lead to
significant risk reduction, in others it
would have dubious risk reduction
bienefits, costs that appear unwarranted
in relation to those benefits, and would
present hazards to the safety of workers.
Mureover, enforcement of a requirement
fur interim covers would be difficult and
controversial because it would not be
obvious which parts of the pile are dry
enough to cover and whether future,
operational plans are firm enough so
that it is reasonable to delay application
of an interim cover.

The Agency believes that in
establishing generally applicable
stundards it should seek permanent
solutions rather than temporary ones.
Interim earth covers are temporary
because they are often covered by new
tailings when the mill returns to
operation. The new tailings on top of the
interim cover release radon, removing
the beneficial effect of the cover. The
value of the interim earth cover is also
lost when the final cover required by
Federal Regulations is put in place. Final
reclamation normally requires piles with
steep sand dams to be recontoured to a
more stable shape. Any interim cover
would be lost due to mixing with the
tailings during the recontouring. A better
use for the limited resources available to
the producers of uranium would be final
disposal consistent with federal
standards.

The State of New Mexico expressed
concern aboul severe additional
environmental impacts due to the
disruption of many additional acres of
land to obtain cover material. The NRC
raised serious safety concerns for
interim covers. The NRC stated that
interim covers on dams would interfere
with important safety practices, such as
movement monitors for tailings dams.
They also stated that covering of certain
drain portions of the dams could
seriously reduce their stability.

In summary, the Agency concluded
that requiring operators of existing
tailings piles to immediately add and
maintain interim earth covers on all dry
surfuces is not an appropriate generally

.applicable work practice.

Phased Disposal
The Agency is selecting phased

disposul for new tailings impoundments

as one of two alternative work practices
required by the final rule because it
reduces health risks due to radon from
tailings, providing public health
protection with an ample margin of
safety during the operating lifetime of a
uranium mill tailings impoundment. In
this disposal scheme, a series of small
impoundments is constructed over the
lifetime of a mill. Each small
impoundment would be constructed
with earthen dikes or in an excavated
pit and, under existing Federal
regulations, must be lined to prevent
ground water contamination. After each
impoundment fills, it will be dried out
and covered with earth as soon as :
practical. Disposal costs will be spread
over the operating life of the mill. The
design permits the use of a water cover
over most of the tailings, with only a
small risk of contaminating ground
water.

- An important benefit of phased
disposal is that it eliminates the
difficulties and expense of reclaiming

large tailings piles at the end of the

impoundment life. By limiting the size of
the piles, very large areas of tailings are
prevented from becoming exposed to
air, drying out, and emitting radon
during extended standby periods. At the
end of the mill's lifetime, only one or
two impoundments will still require
reclamation,

These characteristics of phased
disposal combine lo reduce radon
emissions. The liner under the tailings
pile helps maintain wetness of the
tailings by preventing water from
leaching into the ground. This not only
protects ground water, but also greatly
reduces radon emissions by keeping the
tailings wet. Experience with phased
disposul shows that the tailings often
stay so wet that-water must be pumped
oul of the impoundments.

Since control of radon emissions is
achieved by keeping the tailings
saturated or covered with water, it is
important that impoundment liners have
waler retention capability. In most cases
eligible for this exception, impermeable
synthetic liners will be required.
However, UMTRCA standards (40 CFR
Part 192) allow an exception from the
synthetic liner requirement if it is
demonstrated that ground water
contamination will not occur.

The size of the pile also helps reduce
emissions. It does so by reducing the
time for the dry out and standby periods
that precede final closure, when radon

emissions are at their highest. Since the -

piles are smaller, they dry sooner, and
the exposed surface area is reduced.
Closure is relatively easy and
inexpensive, reducing the incentive for
the owner to delay disposal. To further

reduce the time before closure, this rule
allows a company to operate a
maximum of two tailings impoundments
at once. Companies can legitimately
need two operating piles to work most
efficiently (especially when one pile is
almost full}, but by limiting an owner to
only two operating piles, an owner must
close its first pile before it opens its
third pile (or close its second before it
opens the fourth, etc.). This incentive
will work to reduce standby periods.

Phased disposal, therefore, is a
tailings management system in which
tailings are kept wet until they are dried
and disposed. Radon emissions are
reduced while the pile is in use and
while the pile is on standby. This results
in a large reduction of the total
emissions from mill tailings pile and,
therefore, protects public health with an
ample margin of safety.

Constructing, filling, and reclaiming
tailings impoundments in series costs
less than using a single, large
impoundment when a reasonable (5%)
discount rate is used. This lower cost
reflects the lower initial capital
expenditures for phased disposal.
Further cost savings may be realized in
phased disposal by using excavated
earth from future impoundments to
reclaim filled, dry impoundments.

Phased disposal is the best available
demonstrated technology for uranium
mill tailings management. The two mills
most recently licensed by the Nuclear
Regulatory Commission use phased
disposal designs.

The Agency also considered a 20-acre
limit for each phased disposal
impoundment in the proposal (51 FR .
6382). One commenter found a 20-acre
limit acceptable but stressed the need
for economic assessment of size limits.
Several commenters argued that the
Agency should allow flexibility for site-
specific considerations and should not
dictate a specific limitation. The Agency
evaluated both 20- and 40-acre phased
disposal options. It found that the 40-
acre impoundment provides about the
same health protection as the 20-acre
impoundment, but at a slightly lower
cost. The Agency concludes that a 40-
acre gize limit for phased disposal
protects health with an ample margin of
safety, as required by section 112. The
40-acre impoundment is the maximum
size allowed under the rule; an operator
can choose to build a smaller one.

The 40-acre phased disposal work
practice provides considerable
flexibility for construction and operation
of tailings impoundments, although all
existing rules (including 10 CFR Part 40
and 40 CFR Part 182} must still be
followed. For example, under this work
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practice, impoundments can be
constructed in hollows by building a
dam across the hollow and storing the
tailings on the upstream side. The
standard only limits the total area of
any impoundment used for storage of
uranium mill tailings; other site-specific
design considerations are not affected.
Liners are required at all new uranium
tailings impoundments under existing
rules (40 CFR Part 192). The tradeoffs
between potential problems and the
advantages of liners were considered in
that previous rulemaking (48 FR 45926).

Continuous Disposal

The Agency selected continuous
disposal as an alternative work practice
under the final rule because it reduces
health risks from radon from tailings to
the same extent as phased disposal and
provides quick reclamation of the site.
This disposal method calls for tailings to
be dewatered as-they are generated,
placed in pits or on pads, and covered
with about 3 meters of earthen materials
on a continuous basis. Disposal pits or
pads would be constructed with
impermeable liners. This method would
rely on a thick earth cover to reduce
radon emissions rather than on water as
in the phased method disposal. During
operalion, no more than 10 acres of
tailings could be uncovered at any given
time. To assure that the water remaining
in the tailings after dewatering (which is
never completely effective) and rain
water does not seep through the tailings
" and contaminate ground water, a
continuous disposal impoundment is
lined in accordance with 40 CFR 192.32,
The potential for ground water
.contamination is negligible.

A second important benefit of
continuous disposal is that it would
eliminate the difficulties of reclaiming
large tailings piles at the end of the
impoundment life. By requiring disposal
of tailings as they are generated, very
large areas of tailings are prevented
from being exposed to air, drying out,
and emitting radon during extended
standby periods.

The technology of continuous disposal
has not been demonstrated for uranium
mill tailings in the United States.
However, the industry has proposed this
method for use at three sites. The
decline in uranium demand is one of the
major reasons why none of these
proposals was put into practice. Tailings
dewatering systems have been used
successfully at nonferrous ore
beneficiation mills. The. Agency believes
that these proposals and experiences
demonstrate that continuous disposal
can he a viable work practice.

Flexibility is provided to allow
designs that can take advantage of site-

specific characteristics. For example,
there is no requirement that tailings be
disposed of below surface lcvel and no
restrictions that limit the use of
topographical features of a site as
tailings dams. However, all existing
regulations still apply.

Although the industry commented that
continuous disposal is not practical, this
is not a persuasive argument, since at
least three companies have chosen this
method as their preferred disposal
method in detailed site design plans and
applications. Also, as noted above,
dewatering tailings has been performed
in other extraction industries. The
Agency decided to allow the industry to
select either continuous or phased
disposal because both methods provide
similar levels of radon reduction and
either method could be preferable to the
other, depending on the specific
physical, environmental, or economic
conditions that exist at the site.

C. Existing Piles

The regulation of uranium mill tailings
disposal piles requires different
approaches to new and existing tailings
impoundments. From the standpoint of
risk reduction, new impoundments can
readily be designed and operated in
order to achieve substantial reduction of
risk at a reasonable cost. EPA, thus, has
adopted standards that have the effect
of limiting the total exposed surface
area during the active phase of an
impoundment’s existence. Existing
impoundments present more difficult
regulatory problems. They were
constructed over a thirty year period,
range in size from a few acres to several
bundred acres, and are located in
different areas with different .
topography, soil characteristics, tailings
characteristics, and other factors
affecting health risks. Consequently,
they are not susceptible to a single
regulatory scheme of the sort adopted
here for new impoundments. In addition,
the NRC and their agreement States
regulate practices at these sites on a
site-by-site basis. For example, the NRC
has stated in comments that it typically
requires interim cover for the purpose of
dust control on appropriate portions of
existing piles.

EPA investigated work practices that
might be imposed generally upon
existing tailings piles that would reduce
risks until they are closed and replaced
with new piles. As discussed previously.
the Agency found that the two principal
options, wetting and interim cover,
made no sense to impose as across-the-
board requirementa. While interim cover
has theoretical applicability, its risk
reduction is not great in many
situations. and costs are

disproportionate to that limited
reduction of risk. Wetting, particularly
in unlined impoundments in arid areas
of the Southwest, yields some risk
reduction but again at a .
disproportionate cost. Moreover, wetting
at unlined impoundments can lead to
ground water contamination, '
exacerbating a problem that geveral
operators are now trying to remedy.

EPA believes that the reasonable
course o deal with these impoundments
is to adopt requirements that will |
encourage their closure, in the long term,
in accordance with requirements set by
EPA and the NRC. At the same time,
these requirements must be tempered
with flexibility for the particular
circumstances of individual
impoundments. It is reasonable to do
this in light of the wide disparity in risk
from different existing impoundments,
and the small number of those
impoundments.

Accordingly, the final rule generally
requires the cessation of disposal of
tailings at existing impoundments six
years after promulgation of these
regulations. The requirement for
cessation of disposal will remove any
obstacle for the NRC or an agreement
state to require, after an appropriate dry
out period, final closure of the
impoundment, since it can no longer be
used for disposal of newly generated
tailings. In EPA's view, the risk that will
result from this phase in period of
continued disposal at existing
impoundments is consistent with the
protection of public health with an
ample margin of safety.

Exception for Existing Lined
Impoundments

The Agency has determined that
certain existing tailings management
impoundments presently meet the
requirements of the new work practice
standards. Therefore, the Agency is
providing an exception from the
schedule requirements, which are
specified below, for impoundment
designs that are no larger than 40 acres
and have a liner meeting the
specifications of 40 CFR 192.32. This
requirement assures that the

- impoundment has the capability to

retain water, thereby keeping tailings
wet and greatly reducing radon
emissions. ‘

Exception for Small Tailings Piles

The Agency, in its examination of the
uranium milling industry, has discovered
that each mill is unique and that not all
mills present a significant health risk to
the public. The Agency found that one of
the most important mill characteristics
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that affect risk is the size of the mill
tailings pile. The Agency also found that
mills having combined pile areas
smaller than 20 acres have very small
radon emissions. The Agency believes
that such a mill does not threaten public
health. Therefore, the Agency has
decided to except them from the 6-year
schedule. Such an exception is
consistent with protection of public
health with an ample margin of safety.

D. Schedule for Standurds
Implementation

_The Agency is requiring that all
tailings generated at existing mill sites
after December 31, 1992, be managed by
one of the work practices specified in
the final rule. By phasing out existing
tuilings piles and requiring new tailings
generated at existing mill sites to be
placed in impoundments subject to the
new work practice, risks to individuals
and populations are reduced and the
public is protected with an ample
margin of safety. The Agency is
assuming that, when tailings can no
longer be placed on existing piles,
Federal and State regulatory agencies
will promptly move to require
reclamation of the piles to Federal
standards established under the AEA
through UMTRCA.

The Agency is aware that section 112
has provided for only a 2-year
compliance waiver. However, it is
impossible to design, license, and build
a new tailings impoundment in that
short period of time. The operators of
existing mills are given the time
necessary to install new impoundments.
To assure that new tailings
impoundments are built and used as
soon as practical, the Agency has
cstablished a strict schedule with
milestones for meeting regulatory
requirements and construction of the
facility. Industry is provided with
sufficient lime to prepare new
impoundments while, simultaneously,
there is a strict timetable that must be
raet. This timetable is designed to be
flexible to assure that if time is saved in
one parl of the process the
impoundinent will be ready sooner. The
rule also provides an extension
mechanism to give operators a chance to
have more time if, due o circumstances
Lieyond their control, they are unable to
maet the schedule.

The Agency has examined the effect
from the continued use of existing piles
during the 8 years required for the
construction of new tailings
impoundments. In performing the
analysis of the effect of allowing all
mills to operate for 6 years, relevant
radun emissions come only from some
of the mills. Since EPA’'s original

analysis, 3 of the 20 mills have stated an
intent to go to closure and, therefore, are
not effected by this stundard. The
resulling risk from radon emissions in
allowing all other mills to operate for 6
years is not significant. The use of these
mills for this short time period
represents a marginal risk that does not
justify the economic waste of requiring a
mill owner to build an impoundment
that the owner has no intention of using.
Because of these low risks, operators of
existing piles who want to continue to
use their existing piles may do 3o for the
6-year period.

Any owner or operator of a licensed
uranium mill who wishes to continue to
use existing tailings impoundinents must
submit an application to the
Administrator for approval to construct
a new impoundment or certify that they
do not intend to build a new
impoundment. This should be done as
soon as possible, but no later than 2
years afler the effective date of this rule.
This period is necessary to provide the
time needed for owners to decide
whether or not to build a new
impoundment and, if they decide to
build a new impoundment, it also
provides the time needed for the
purchase of a site, for the collection of
site data and for the design and
preparation of licensing material for
EPA and NRC. Owners not building new
impoundments may continue to use their
existing piles until December 31, 1992.

The Agency anticipates an internal
review and decision period following
submittal of a complete application.
After the Agency's approval to
construct, the owner or operator must
apply to the NRC within 60 days for a
license to construct a new tailings
impoundment under 10 CFR 40. The
Agency anticipates that NRC will act
promptly on the application. Following
the receipt of a license from the NRC,
the owner or operator must then start
construction of an impoundment within
90 days, weather permitting, and must
complete construction within 30 months.

The Agency proposed alternative
schedules of immediate, 10 years, 15
years, and no time limit for mandatory
use of work practice standards.
Comments from the NRC and the
industry agreed that new impoundments
probably could be built in 6 years.
Although one industry commenter
estimated that it would take more than
10 years to finish new impoundments, in
general, the record did not support a 10-
year option.

E. Schedule Extension

The Agency recognizes that strict
adherence to the schedule may not
always be possible or reasonable. The

Agency may grant an extension for any
schedule milestone for certain reasons.

The first reason for the extension is
practicality. The Agency is allowing mill
owners 8 years to build new .
impoundments, because it is the
Agency's estimate, supported by the
record, that 8 years is normally a '
sufficient time to design, license and
build a new uranium mill tailings
impoundment. But the Agency
recognizes that, due to circumstances
beyond the mill owner's control,
situations can arise that delay
completion. In these situations, the mill
owner can apply for a schedule
extension to provide him with sufficient
time to complete the new impoundment.

There are other reasons why an
extension may be required. For example,
as previously noted, each mill is unique
and individual mills may present small
risks to public health. To take care of
any of these situations, the Agency may
grant an extension, provided that the
mill owner can demonstrate that the
extension, under conditions existing at
the time of the request, is consistent
with protection of public health with an
ample margin of safety as specified in
§ 61.252(e). This extension may be
granted for any schedule milestone. For
example, the Agency expects that
extensions would be granted for mills
with moderately sized piles and that
have no people living nearby. Such mills
present small risks to maximally
exposed individuals and small risks to
regional and national populations. The
Agency may grant an extension,
conditionally if required, only upon
finding that this extension protects
public health with an ample margin of
safety. '

The Agency may grant these
extensions based on an examination of
factors relating to the overall remaining
health risk, including the size, condition,
and location of the pile, the length of
extension requested, the expected level
of future activity, and any risk reduction
practices the mill owner has undertaken
or pledges to undertake.

VIL Implementation of the Final Rule

Operators of new tailings
impoundments constructed after the
promulgation date of this rule must
apply to the Administrator of EPA for
approval to construct a new
impoundment pursuant to section 61.07
of the Clean Air Act.

Operators of existing tailings
impoundment should follow the
implementation plan detailed in § 61.252
(b} or (c). If the Administrator finds, on
the basis of any available information
that there is a violation of any




Federal Register / Vol. 51, No. 185 / Wednesday, September 24, 1986 / Rules and Regulations 34065

requirement of an applicable
implementation plan, the Administrator
will enforce with remedies described in
section 113 of the Act.

Operators of existing tailings piles
who wish an exception listed in
§ 61.252(d) from the schedules listed in
§ 61.252 (b) or (c) in order to continue to
use a pile should write to the
Administrator, providing the reason why
the exception is warranted. The
Administrator will grant, grant with
conditions, or deny the exception. If
granted, the owner must reapply to EPA
every 5 years that it still meets the
criteria for exception. If at anytime
neither of the exceptions criteria apply,
the owner must notify the Agency and
immediately cease use of the pile.

Operators of existing tailings piles
who wish extensions from the schedule
milestones listed in § 61.252 (b) or (c} in
order to continue to use an existing
tailings pile should write to the
Administrator providing the reasons
why an extension should be granted,
taking care to provide the information
requested in § 81.252(e). This must be
done at least 1 year before the milestone
date for which the extension is
requested. The Administrator will grant,
grant with conditions, or deny the
extension within 9 months. Although
multiple extensions may be granted,
each extension will last no more than 5
years.

All requests should be sent ta the
Assistant Administrator for Air and
Radiation (ANR-443),.U.S.
Environmental Protection Agency, 401 M
Street, Washington, DC 20460.

Noexception or extension will be
effective after December 31, 2001. This
deadline allows owners of existing
tailings impoundments a chance to use
those impoundments in those cases
where to do so would not endanger
public health, while assuring that the
system of exceptions and extensions
will not be subject to any potential
abuse by mill owners. In this way, the
rule will cause even greater reduction in
radon emissions as phased or
continuous disposal methods are
implemented.

Nothing in this rule is intended to
.alfect the existing regulatory authority
of the NRC. EPA hopes that it will be
able 1o reach an agreement with NRC to
allow NRC ta take an important role in
the implementation and enforcement of
this rule. This would allow EPA to take
full advantage of NRC's expertise in this
field and help minimize the duplication

. of effort and conserve administrative
resources in accord with § 122 of the
“Clean Air Act. -

VIII. Miscellaneous
A. Docket

The docket is an organized and
complete file of all information
considered by EPA in the development
of this proposed standard. The docket
allows interested persons to identify
and locate documents so they can
participate effectively in the rulemaking
process. It also serves as the record for
judicial review.

Transcripts of the hearings, all written
statements, the Agency’s response to
comments, and other relevant
documents are placed in the docket and
are available for inspection and copying
during normal working hours,

B. Executive Order 12291

Under Executive Order 12291, issued
February 17, 1981, EPA must judge
whether a ruls i3 a “major rule” and,
therefore, subject to the requirement of a
Regulatory Impact Analysis. The EPA
has determined that this rule is not a

~ major rule as defined in section 1(b) of

the Executive Order because the annual
effect of the rule on the economy will be
less than $100 million per year. Also, it
will not cause a major increase in costs
or prices for any geographic region.
Further, it will not result in any
significant adverse effects on
competition, employment, investment,
productivity, innovation, or the ability of
the United States enterprises to compete
with foreign enterprises in domestic or
foreign markets. Under Executive Order
12291, this rule was submitted to the
Office of Management and Budget
{OMB) for review. Any comments from
OMB to EPA and any response to those
comments are included in the docket.

C. Paperwork Reduction Act

The final rule does not impose any
reporting or recordkeeping requirements
on operators of uranium mills and
associated tailings piles.

D. Regulatory Flexibility Analysis

Section 803 of the Regulatory
Flexibility Act, 5 U.S.C. 603, requires
EPA to prepare and make available for
comment an “initial regulatory v
flexibility analysis" in connection with
any rulemaking for which there is a
statutory requirement that a general
notice of proposed rulemaking be
published. .

However. section 804(b) of the
Regulatory Flexibility Act provides that
section 603 “shall not apply to any
proposed . . . rule if the head of the
Agency certifies that the rule will not, if
promulgated have a significant
economic impact on a substantial
number of small entities.”

The EPA believes this final rule will
have little or no impact on small
business because the total costs
associated with the standards will have
relatively little impact on the total cost
of producing uranium oxide.

For the preceding reasons, I certify
that this rule will not have a significant
economic impact on a substantial
number of small entities.

E. General Provisions

The general provisions of 40 CFR Part
61, Subpart A apply to all sources
regulated by this rule, except as
otherwise noted.

F. State Implementation and
Enforcement of Emission Standards

Under section 112(d)(1) of the CAA,
any State may develop and submit to
the Administrator a procedure for
implementing and enforcing emiszion
standards for hazardous air pollutants
for stationary sources located in such
State. If the. Administrator finds a
State's procedure for implementing the
standard is adequate, the Federal
authority then is delegated to the State.
To streamline this procedure, some of
EPA's Regional offices have entered into
agreements with certain States for -
“automatic” delegation of new section
112 standards. Under this arrangement,
States are delegated authority to
implement and enforce all new section
112 standards when they are issued.

The Agency has decided that
“automatic” delegation shall not be
made for the radionuclide NESHAPs.
When EPA entered into these
agreements, the State’s capabilities and
expertise with respect to radionuclides
were not considered. Therefore, States
must reapply for delegation in the case
of radionuclide NESHAPs.

G. Relationship to Other Programs

It is important to note that EPA has
authority to regulate mining wastes
under the Resource Conservation and
Recovery Act (RCRA), as well as the
CAA and UMTRCA. Since the
considerations under each statute may
vary, the regulatory program for
uranium mill tailings under the CAA and
UMTRCA might well differ from the
program EPA intends to develop for
mining waste under RCRA. The RCRA
program will be tailored to the risks
associated with mining wastes and the
technical feasibility of various control
options (see 51 FR 24496; July 3, 1986).

H. Communications

Communications with the
Administrator regarding the reporting
and recordkeeping requirements of this
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rule, as well as requests for waivers,
shall follow the provisions of Part 61.10,
excepl as otherwise noted in this rule.

This rule is effective immediately for
new sources and existing facilities.
Those facilities that are not in
compliunce with the final rule based on
information currently available to them,
may request a compliance waiver from
the Administrator under the provisions
of section 112(c)(1).

List of Subjects in 40 CFR Part 61

Air pollution control, Hazardous
niaterials, Asbestos, Beryllium, Mercury,
Vinyl chloride, Benzene, Arsenic, and
Radionuclides.

Dated: August 15, 1986,
Lee M. Thomas,
Administrator.

PART 61—[AMENDED]

Purt 61 of Chapter 1 of Title 40 of the
Cude of Federal Regulutions is umended
as follows:

1. The authority citation for Part 51
continues to read as follows:

Authority: Secs. 112 and 301(a) Cleun Air
Act, as amended |42 U.S.C. 7412 {(al}.

2. By udding a new Subpurt W to read
us follows:

Subpart W—National Emisslon Standard for
Radon-222 Emissions From Licensed
Uranium Mill Tailings

Sec.

©1.260 Applicability.

61.251  Definitions.

61.252 Siandard.

Subpért W-—National Emission
Standard for Radon-222 Emissions
From Licensed Uranium Mill Tailings

$61.250 Applicability. i

This subpart applies to licensed sites
that manage uranium byproduct
materials during and following the
processing of uranium ores, commonly
referred to as uranium mills and their
ussociated tailings. This subpart applies
during the period of operation. :

§ 61.251 Dellinitions.

As used in this subpart, all terms not
defined here shall have the meaning
given them in the Clean Air Act or
Subpart A of Part 61. The following
terms shall have the following specific
meanings:

(1) "Area” means the arca covered by
the vertical projection of the pile upon
the earth’s surface.

(b) “Commission” means the Nuclear
Regulatory Comimission or its
. Agreement States {where applicable).

(¢) “Continuous disposal” means a
method of tailings management and
disposal in which tailings are dewatered

by mechanical methods immediately
after generation. The dried tailings are
then placed in trenches or other disposal
areas and immediately covered to
Federal standards.

(d) “Covered" means to cover with
earth sufficient to meet Federal
standards for the management of
uranium byproduct materials pursuant
to 40 CFR 192.32.

(e) “Dewatered” means to remove the
water from recently produced tailings by
mechanical or evaporative methods
such that the water content of the
tailings does not exceed 30 percent by
weight.

(f) “Existing tailings pile” means a
tailings pile that is in operation on the
effective date of this rule.

{g) “Licensed site" means the area
contained within the boundary of a
location under the control of persons
generating or storing uraniwn byproduct
materials under a license issued by the

 Commission. This includes such areas

licensed by Agreement States, i.e., those
States which have entered into an
effective agreement under Section 274(b)
of the Atomic Energy Act of 1954, as
amended.

(h) “New tailings" means uranium
tailings produced after the effective date
of this rule.

(i) “New tailings impoundment”
meang any location or structure at
which uranium mill tailings are
temporarily or permanently stored and
which is placed in operation after the
promulgation of this rule.

(i) “Operation” means that an
impoundment is being used for the
continued placement of new tailings or
is.in stundby. An impoundment is in
operation from the day that tailings are
first placed in the impoundment until the
duy that final closure begins.

(k) "Owner” means any person who
owns or operates a uranium mill or an
existing tailings pile or a new
impoundment.

(1) “Phased disposal”’ means a method
of tailings munagement and disposal
which uses lined impoundments meeting
the requircments of 40 CFR Part 192.32,
no greater than 40 acres in area, which
immediately filled, upon becoming dried,
and covered to Federal standards.

(m) “Uranium byproduct material” or
“tailings” means the wastes produced
by the extraction or concentration of
uranium from any ore processed
primarily for its source material content.
Ore bodies depleted by uranium
solution extractions und which remain
underground do not constitute
byproduct material for the purposes of
this subpart.

§61.252 Standard.

(a) All new tailings impoundments
built after the effective date of this rule
shall be designed and constructed to
meet one of the two following work
practice standards and in the following
manner: :

(1) Phased disposal in lined tailings
impoundments that are no more thun 40
acres in area and meet the requirements
of 40 CFR 192.32(a). The owner shall
have no more than two impoundments

* in operation at any one site at any one

time.

{2) Continuous disposal of tailings
such that the tailings are dewatered and
immediately disposed with no more than
10 acres of tailings being uncovered at
any time and operated in accordance
with 40 CFR 192.32(a). ,

(b) Owners who build new tailings
impoundments may continue to place
new tailings or waste water associated
with milling or mining activities on
existing tailings piles only until new
tailings impoundments are constructed,
and only if the owner is in the process of
designing, licensing, and constructing
new tailings impoundments in
accordance with the following schedule:

(1) As soon as practical, but no later
than 2 years after the effective date of
this rule, all owners who wish to build
new tailings impoundments shall apply
to the Administrator for approval to
construct under section 61.07. The
Administrator shall make a
determination to grant or deny any
application for approval in accordance
with section 61.08, except that the time
limitations of subsections (a) and (d)
shall not apply.

‘(2) Within 60 days following the
Administrator’s approval to construct a
new tailings impoundment, the owner
shall apply to the Commission for a
license to construct a new tailings
impoundment.

(3) Following the granting of a license
by the Commission, the owner shall
begin construction of the new tailings
impoundment within 80 days unless
seasonal conditions do not permit, in
which case construction shall begin at

" the start of the next construction season.

This impoundment shall be completed
and shall be ready to receive new
tailings within 30 months of the date of
licensing by the Commission.

(4) In no event shall new tailings be
placed on existing tailings piles after
December 31, 1892, unless the owner has
received an exception or extension from
the Administrator in accordance with
paragraphs (d} or (e) of this section.

{c) Owners who do not intend to build
a new tailings impoundment must certify
to the Administrator as soon as

-~y
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possible, but no later than 2 years
following the effective date of this rule,
that they do not intend to build a new
impoundment at the mill site. Owners
who make this certification will be able
to use their existing tailings piles for the
deposition of new tailings or waste
water associated with milling and
mining activities until December 31,
1992, unless they receive an exception or
exiension from the Administrator in
accordance with paragraph (d) or (e} of
this section, in which case the owner
may conlinue to use the existing tailings
piles as permitted by the terms of the
exception or extension.

(d) An exception for continucd use of
an existing tailings pile shall be granted
upon application for approval to the
Administrator provided that:

(1} The existing tailings pile is 40
acres or smaller in area and meets the
requirements of 40 CFR 192.32(a)(1), or

(2) The combined area of all piles at a
licensed site is less than 20 acres.

The Administrator will grant, grant with
conditions, or deny the application. If
granted, the owner must certify to the
Administrator every 5 years that it still
meets at least one of the preceding
criteria. Following this certification, the
Administrator will grant, grant with
conditions or deny the exception. At any

such time as neither of the two criteria
continue to apply. the owner shall so
notify the Administrator, and the
exceplion shall terminate.

(e) An owner may apply to the
Administrator on an impoundment-by-
impoundment basis, for an extension to
continue using an existing tailings pile.

(1)(i) An extension may be granted
upon a showing that, despite a good
faith effort by the owner, it cannot, due
to circumstances beyond its control,
meet any paragraph (b) schedule
deadline.

(ii) An extension may be granted, for
any paragraph (b} or (¢) schedule
deadline at the Administrator's
discretion, upon a showing by the owner
that the extension is consistent with
protection of the public health with an
ample margin of salety. To make this
showing, the owner must first certify
that it is in compliance with applicable
existing NRC regulations and license
conditions. In addition, the
Administrator will also take into
account: the size and condition of the
pile, the size and location of the nearby
population, the length of extension
requested, the existence and
effectiveness of any risk reduction
practices that are or will be taken, and
the expected level of future mill activity.

(2} The owner may apply for an
extension at any time up to | year before
the cease-use date. The Administrator
will have 9 months from the date of
application to grant, grant with
conditions or deny the extension.
Subject to paragraph (g) of this section,
no extension will be granted for longer
than 5 years, and no extension pursuant
to paragraph (e)(1)(i) shall be granted for
any period longer than necessary for the
owner to meet applicable paragraph (h)
requircments.

(3) The owner may apply for as many
extensions as needed. Each extension
must be applied for and proven
separately.

(4) The Administrator will provide for
public notice and comment on all
applications for approval of extensions.

(f) All applications for approval of .
exceplions or extensions shall be sent to
the Assistant Administrator for Air and
Radiation {ANR-443), U.S.
Environmental Protection Agency, 401 M
Street, SW,, Washington, DC 20460.

(8) New tailings shall not be placed on
any existing tailings pile after December
31, 2001, and no exception or extension
shall be effective after that date.

|FR Doc. 86-20193 Filed 8-23-86; 8:45 am}
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